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ABSTRACT 
Background: The prevalence of dementia in Aboriginal Australians is among the highest in 
the world and 3-5 times that of the general Australian population. As the Aboriginal 
population ages, there is a pressing need to identify the relevant risk and protective factors, 
across the life-span that may alleviate the burden of dementia in this group. It has been 
theorized that cognitive stimulation in childhood enhances so called cognitive reserve: the 
brain’s ability to resist pathology and/or the individual’s capacity to adapt cognitively where 
pathology does develop in order to stave off the symptoms of dementia. Higher levels of 
education have been consistently linked with lower risks of dementia in populations around 
the world.  Lack of education was found to be one of the main risk factors for dementia 
among remote dwelling Aboriginal Australians, however, it is uncertain whether these results 
can be generalised to Indigenous Australians in non-remote settings given differences in 
access to education and services.  
Aims: The main aim of this thesis was to determine whether or not higher levels of education 
are protective among Aboriginal Australians living in urban and regional areas of New South 
Wales: the areas in which the majority of Aboriginal Australians live. The second aim of the 
thesis is to examine other types of stimulation in childhood that may deplete or bolster 
cognitive reserve.  
The studies: We undertook a series of studies. First, in order to understand the evidence 
behind our hypothesis that education may be protective for non-remote Aboriginal 
Australians we undertook a general literature review. The focus of this chapter is threefold: i) 
education as a protective against dementia, ii) the possible benefits of cognitive stimulation in 
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childhood, and iii) the possible long-term detriment to cognition as a result of neglect, stress 
or lack of cognitive engagement in early life.  
Second, in order to understand the global context of the issues at hand, we undertook a 
systematic review of the literature on the link between education and dementia in indigenous 
populations globally. This is set out in Chapter 2. The 16 articles included in the review 
revealed higher rates of dementia in indigenous populations around the world and highlighted 
very low levels of education in many indigenous groups. Our systematic review confirmed 
low levels of education as a risk factor for dementia in indigenous peoples. 
Third, we developed and validated a measure of childhood enrichment that is culturally 
appropriate, relevant and acceptable to older Aboriginal Australians.  Chapter 3 investigates 
non-school based learning and engagement for Aboriginal Australians and outlines the 
process of developing and validating a retrospective measure of childhood enrichment 
specifically designed for this population.  This validation study confirmed the Retrospective 
Indigenous Childhood Enrichment (RICE) scale as a reliable and valid measure of childhood 
enrichment as recalled by older Aboriginal Australians. Three subscales were identified using 
factor analyses: Traditional, Intellectual and Community.   
Finally, we assessed a range of possible childhood predictors of cognitive impairment in later 
life. In Chapter 4, we undertook multiple regression analyses to identify potential risk and 
protective factors for cognitive impairment from a comprehensive range of childhood 
experiences (including education, childhood enrichment, socioeconomic position and 
childhood stress). We used the MMSE as a measure of cognitive function. Univariate 
analyses revealed all measures of education as significant predictors of cognitive impairment, 
even after adjusting for age. Additionally, higher scores on the Intellectual subscale of the 
RICE predicted better cognitive performance and moving frequently in childhood was 
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protective. Multiple regression showed younger age and moving house frequently in 
childhood were independent predictors of better cognitive function.  
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ABSTRACT 
The prevalence of cognitive impairment, with and without functional decline, is increasing as 
the world’s population ages. This world-wide issue is of particular concern for Aboriginal 
Australians. Prevalence among Aboriginal peoples is among the highest in the world and 
three to five times that of the general Australian population. Lack of education was identified 
as a primary risk factor in a remote Aboriginal population, in keeping with previous research 
globally. It is hypothesised that the brain resists pathology and increases compensation 
against decline as a result of stimulating and cognitively challenging experiences throughout 
life, so called “cognitive reserve”. The present paper provides an overview of the literature 
relevant to risk factors for cognitive decline and concludes there is a pressing need to 
investigate the impact of formal and informal education on cognitive decline in older 
Australian Aboriginal people living in urban and regional areas.  
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Epidemiology 
As physical health and longevity improve, and the world’s population ages, cognitive 
decline is increasingly prevalent. According to the World Health Organisation, dementia 
imposes the fourth highest burden of disease in high-income countries like Australia (WHO, 
2012). It is estimated that 35.6 million people worldwide, currently have a dementia and this 
number is expected to triple by 2050 as the population ages (WHO, 2012). In Australia, the 
prevalence of cognitive decline is estimated at 6.8% in people over 60 years (Australian 
Institute of Health and Welfare, “AIHW” 2014) The corresponding rate in the Australian 
indigenous population is between 21.0% and 23.8%, making it among the highest in the world 
(Radford, Mack, Broe, Chalkley, et al., 2013; Smith et al 2008). This alarmingly high 
prevalence rate comes at a time when numbers of elderly Aboriginal people are increasing 
due to attempts to improve indigenous health, and successful reduction in the mortality rate 
due to circulatory and respiratory diseases (AIHW, 2014).  It remains to be seen whether 
reduced lifespan of Aboriginal Australians masks an even larger  discrepancy between 
indigenous and non-indigenous dementia prevalence rates (AIHW, 2014). Together, high 
prevalence, and increasing numbers of older Aboriginal people create an urgent need to 
establish risk and protective factors among Aboriginal Australians.  A far-sighted approach 
requires focus on those factors, such as education, that are potentially modifiable across the 
life span.  
Cognitive Decline - Major and Minor Neurocognitive Disorders 
Dementias are considered major neurocognitive disorders that involve deficits in 
memory and thinking to the extent that activities of daily living are impaired (American 
Psychiatric Association “APA” – DSM 5). Decline in thinking and memory may also be 
observed where day-to-day function is preserved, though compensatory strategies may be 
required (APA – DSM 5). This decline, which sometimes precedes dementia, is generally 
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known as Mild Cognitive Impairment (MCI) (Petersen & Knopman, 2006; Petersen, 2009; 
Roberts, Geda, Knopman, et al., 2012). Dementia and MCI are now included as Major and 
Minor Neurocognitive Disorders respectively in DSM 5 (American Psychiatric Association, 
2013). In this review, “cognitive decline” will be used to refer to both dementia and MCI.  
Risk and Protective Factors 
Research into the putative risk and protective factors for cognitive decline is vast. 
Studies have focused on associations with genetic, health and demographic factors as well as 
psychosocial factors such as education. While some risk factors such as genes and age are not 
modifiable, the impact of health and psychosocial factors is thought to be relevant from birth, 
or prenatally, and a life-span approach to risk and protective factors has been recommended 
by many (Anstey, 2014; Borenstein, Copenhaver, Mortimer, 2006; Jack, Knopman, Jagust, 
2013; Mortimer, Snowdon, Markesbury, 2003; Whalley, 2006).  The life-span approach to 
disease has been defined as one which: 
“…considers factors that act during development and ageing, which might 
influence disease onset. It aims to identify periods … during which an individual is 
at greatest risk of damage if exposed to a putative risk acting alone or in 
combination with other factors.” (Whalley, Dick & McNeil, 2006) (p. 87). 
It is argued that a life-span approach is also appropriate for the study of late-life 
cognitive impairment given evidence that physical and psychological experiences from early 
life impact on cognitive function, as well as physical health, in late life (Anstey, 2014; 
Borenstein, Copenhaver & Mortimer, 2006; Jack, Knopman, Jagust, Peterson et al., 2013; 
Whalley et al., 2006). This premise is supported by evidence that development of dementia 
related pathology develops over several decades and can manifest in deep cortical structure in 
children as young as six (Jack, Knopfman, Jagust et al., 2013; Ohm, Muller, Braak, & Bohl, 
1995; Ritchie, Jaffe, Skoog & Scarmeas, 2015).   
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 The following sections constitute a brief overview of risk and protective factors – 
focusing ultimately on the putative protection afforded by stimulation, engagement and 
learning in early life in the form of formal and informal education.  
Genetic risk factors. It is thought only around 50% of the expression of Alzheimer’s 
disease symptoms can be primarily attributed to genetic components (Borenstein et al., 2006; 
Morgan & Carrasquillo, 2013). Apolipoprotein E 4 allele has been implicated in cognitive 
decline, and is an established risk factor for tau and amyloid based pathology associated 
primarily Alzheimer’s disease (although not exclusively). As early as 1966, Roth and 
colleagues argued that the existence of ‘senile plaques’ was not enough to result in 
symptomatology, and suggested that symptoms only emerged once a certain number of 
plaques had developed (Roth, Tomlinson & Blessed, 1966). Studies incorporating autopsy 
have shown that pathology and symptomatology are not always linked, which suggests a 
significant role for other factors (e.g. Mortimer, 2003, Snowdon, Kemper Mortimer, et al, 
1996).  Variation in the age onset of dementia in monozygotic twins suggests that 
environmental factors are also likely to play a role (Gatz, Reynolds, Finkel et al., 2010).  
While genes may be largely responsible for risk of developing pathology, it seems most likely 
that an interaction between genes and environment determines whether or not cognition and 
function are impaired. In other words, genes may predict risk of pathology. Environmental 
factors may better predict symptoms of cognitive decline. 
Demographic risk factors. Age and gender have been associated with cognitive 
decline.  While cognitive decline can occur across the life span, advanced age is the 
undisputed primary risk factor for cognitive decline and dementia.  Many studies have found 
that women are more susceptible to cognitive decline than men, but the finding is not 
consistent throughout populations (Gao, Hendrie, Hall & Hui, 1998).  Both genetic and social 
factors have been linked to the higher prevalence of cognitive decline among women, with 
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low education implicated, in particular  (Afgin, Massarwa, Schechtman et al., 2011).  While 
studies have indicated that APOE 4 is more or less evenly distributed across genders, it 
appears to have a stronger effect in female carriers in terms of brain pathology and cognitive 
testing results (Andersen, Launer, Dewey et al., 1999; Fleisher, Grundman, Jack, 2005). 
Women may also be at greater risk later in life due to hormonal changes later in life. In 
particular, oestrogen seems to be protective, with an observed decline in women’s cognition 
after menopause, and also after the surgical removal of ovaries (Azad, Bugami & Loy-
English, 2007). Low education has been found to increase the risk for cognitive decline across 
genders (e.g. Zhang et al, 1996) but levels of education have traditionally been lower among 
women in all but the highest socioeconomic groups which may also help to explain the gender 
difference. Additionally, in practical terms, the slightly higher life expectancy of women 
provides more time for cognitive decline to manifest. 
Health and lifestyle related risk factors. Given cognitive decline is strongly 
associated with older age, most research focuses on the relationship with physical diseases of 
advancing age, many of which are influenced by environment and lifestyle. As such, risk 
factors like cardiovascular disease, stroke, head injury, alcohol use, smoking and diabetes 
have been investigated.   
The large-scale Rotterdam Study, provides a good example of common findings 
(Hofman, de Jong van Duijin & Breteler, 2006). It assessed a prospective cohort of Dutch 
people, aged 55 years and over for a period of 14 years (1990-2004).  Vascular factors were 
implicated (and not exclusively to vascular dementia) by evidence that cardiovascular disease, 
atherosclerosis and stroke were predictive of dementia in their participants.  Diabetes was 
found to be a risk factor along with the commonly associated issues of obesity and insulin 
resistance.  A strong link was found between dementia and smoking, with participants who 
smoked tobacco having an almost two-fold risk of dementia (Hofman, de Jong van Duijin & 
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Breteler, 2006).  While the Rotterdam study found a mild to moderate alcohol intake to be 
protective against dementia, interestingly, they noted that heavier drinking was not protective 
and was also positively associated with smoking (Ruitenberg, van Swieten, Witteman, Mehta, 
van Duijn, et al., 2002).  A later meta-analysis suggested moderate amounts of alcohol might 
be protective: though this protection was only linked to Alzheimer’s disease (Peters, Peters, 
Warner, Beckitt & Bullpitt, 2008).  In remote dwelling Aboriginal Australians, current 
drinking was not linked to dementia but stroke, smoking, and head injury were suggesting a 
strong link to modifiable factors in that Indigenous population (Smith et al., 2010). 
Stress and adversity as risk factors: Negative psychosocial factors and stress 
throughout the life span have been associated with increased risk of cognitive decline (e.g. 
Ritchie, Jaussent, Stewart, Dupuy et al, 2011).  One explanation posits oxidative damage via 
the hypothalamic-pituitary-adrenal (HPA) axis is responsible (e.g. Peizhong, 2013). Animal 
experiments have shown fairly consistent results: Early life stress in mice can be induced by 
separating newborn mice from their mothers which leads to increased oxidative stress 
responses and damage to the hippocampus (Jankowsky, Melnikova, Fadale, Xu, Slunt, 
Gonzales, Younkin, Younkin, Borchelt & Savonenko, 2005). This stress in early life has been 
implicated in reduced cognitive performance in aged mice (Jankowsky et al, 2005; Brunson, 
Kramar, Li, Chen, Colgin, Yanagihara, Lynch & Baram, 2005).  
Human research has provided mixed results. Separation from family in childhood was 
associated with poorer late-life cognitive function in Finnish adults separated from parents 
when they were evacuated as a safety precaution during World War II (Pesonen & 
Raïkkönen, 2012). Conversely, Everson-Rose and her colleagues (2003) assessed 
socioeconomic position in childhood and found it represented only a small risk for dementia 
in older age. Other findings suggest childhood neglect (without abuse) increases resilience 
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and enhances cognition in old age (Everson-Rose, Mendes de Leon, Bienias, Wilson & 
Evans, 2005): a result which was replicated by Ritchie et al., (2011) who also saw an 
unexpected cognitive resilience associated with some forms of ongoing stress, such as having 
a parent with a mental illness. 
Ritchie et al. (2011) provided a comprehensive examination of childhood adversity as 
it relates to late-life cognitive decline. They measured cognitive functioning in 1282 people 
over 65 years and asked them about their experiences of childhood, both positive and 
negative.  They found loss of a parent and having had parents who too frequently shared their 
problems depleted cognitive performance. Participants who reported a normal education 
appeared to experience a resilience effect with better scores on some measures of cognitive 
performance. Nolin and Etherim (2007) found a similar effect in children who were neglected 
but not abused: these children performed better on tests of executive function such as 
planning and problem solving which suggests a resilience effect. 
The mixed results may be due to confound of mid-life experiences. On the other hand, 
the range of responses to childhood environment, also suggest the mechanism affording 
cognitive protection in late life is not about positive or negative events, per se, but possibly 
about challenge, emotion regulation and resilience.  
Early life cognitive stimulation as a protective factor 
Katzman (1993) was among the first to suggest that learning and cognitive stimulation 
in early life might be responsible for greater resilience to neuropathology, and provide better 
cognitive flexibility and compensatory capacity where pathology exists. Animal studies have 
provided supporting evidence for this by comparing cognitive performance of mice housed in 
stimulating environments to those in standard housing. 
 In these studies, mice are provided with opportunities for novel and challenging 
experiences though an “enriched environment”.  Housing is lined with materials to encourage 
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burrowing, and include three of the following: a running wheel, a cardboard box, a plastic 
igloo and a rolling ball (changed once a week to ensure novelty) (van Praag, Kempermann & 
Gage, 2000). Mice housed in the more stimulating environment showed less cognitive decline 
than mice in standard housing on tests such as the Morris Water Maze. Importantly, cognitive 
function was superior in the ‘enriched’ mice despite the presence of associated brain 
pathology (Jankowsky, Melinkova, Fadale, Xu, Slunt et al., 2005). One obvious parallel to 
enriched environment in the human world is education.  
Formal education. Strong evidence currently supports the notion that low education 
is a risk factor for dementia (e.g. Mortimer et al, 2003; Mortimer, 2009; Sharp & Gatz, 2011; 
Zhang et al., 1990) though findings are not homogenous (e.g. Cobb, Wolf, Au, et al., 1995).   
The first large-scale study to focus on the relationship between education and 
dementia was a prevalence study of older people living in Shanghai (Zhang, Katzman et al. 
1990). Zhang and his colleagues found a robust association between Alzheimer’s disease and 
a lack of formal education. Subsequently, several reviews of the literature have concluded that 
low education is a probable risk factor for cognitive decline and dementia (Katzman, 1993; 
Mortimer et al, 2003). A 2006 meta-analysis of 19 studies concluded that low education was a 
risk factor for dementia, particularly for Alzheimer’s Disease (Caamaño et al., 2006). Six 
years later, Meng and D’Arcy (2012) conducted a meta-analysis of studies between 1980 and 
2011 covering 437, 477 participants and also concluded that low education increased the risk 
of dementia (OR 2.61, 95% CI 2.21-3.07). Other authors have argued that high levels of 
education are protective against dementia and cognitive decline in later adulthood: they found 
that dementias in more highly educated people generally develop later in life, but with a more 
rapid decline (Mortimer, 2009; Mortimer et al., 2003; Valenzuela & Sachdev, 2006) 
While the impact of low education seems clear, the relative impact of education 
independent of other factors has been questioned. Ngandu and colleagues (2007) assessed the 
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impact of risk factors common in people with low education. After adjusting for genetic, 
demographic, socioeconomic and mental health factors, education remained predictive of 
dementia in a ‘dose dependent manner’ (p. 1444) – that is, the more years of education, the 
more protective. For example, compared to those with less than 5 years of education, people 
with 9 years of education or more were significantly less likely to develop dementia (OR 0.16 
95% CI 0.06-0.41). 
Education is an important aspect of life-long cognitive stimulation. Many argue 
cognitive stimulation across the life-span may prevent or delay the manifestation of dementia 
symptoms despite underlying brain pathology such as neurofibrillary tangles and amyloid 
plaques (e.g. Jefferson, Gibbons, Rentz, et al., 2011; Valenzuela and Sachdev, 2006).   
Education is particularly attractive as a study focus since it can be relatively easily 
measured by years in an educational institution and is one of the few potential risk factors, 
which, unlike age, gender and genetics, could be changed and improved for future 
generations.  
Despite enthusiasm for education as modifiable risk factor, it has been suggested that 
simplistic measurements of education may account for the positive findings (e.g. Gilleard, 
1997). While years of schooling is a straight-forward proxy measurement for education, it 
does not take into account the grade level attained, the quality of the education received nor 
any extra-curricular activities or informal modes of learning that may provide additional 
stimulation and enhance brain development. Additionally, “years of education”, while 
possible to measure continuously, is often dichotomised into groups, for example – people 
with no education are compared with those with any amount of education, or people with 
primary school education compared with people who have completed high school. These 
approaches may further blunt the data and obscure the underlying mechanisms that protect 
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against cognitive decline in later life – an issue that has been raised in a previous review (e.g. 
Caamaño-Isorna, et al., 2006).  
Certainly, alternative measurements of early life cognitive stimulation or education 
have been used in previous studies.  In a longitudinal study of 93 American nuns, Snowdon 
and colleagues (1996) hypothesized that early-life linguistic ability may be a better predictor 
of cognitive decline than education; and moreover, that linguistic ability may improve ability 
to register, organize and retrieve information.  Performance on tests of cognitive function 
among elderly nuns (60+) was compared to the linguistic complexity of autobiographical 
writing completed at 22 years of age. Linguistic complexity was measured by assessing the 
density of ideas and the sophistication of the grammar employed.  Nuns who demonstrated 
high idea density at 22, had better cognitive function in older age. Those with low idea 
density were more likely to have Alzheimer’s pathology and disease (90% compared with 
13% of those sisters with high idea density) (Snowdon et al., 1996).  
This study was unique in that the participants were a well-educated group of women, 
who were exposed to identical lifestyle and environmental factors from the time they joined 
the convent. While this limits the generalisablity of the study, it eliminated confounding 
factors such as alcohol use, smoking and variations in diet and exercise. It also raises the 
possibility that, given the homogeneity in their adult life, differences in cognitive ability may 
have been due to influences earlier in life such as home environment, or formal and informal 
education.  
Alternative methods of measuring childhood cognitive stimulation and engagement 
are particularly important in groups where education may have been lacking or unavailable. 
As a result some authors have used reading level as a way to assess the quality of education 
received. Bezerra et al. (2012) used scholastic achievement as a proxy measurement of 
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education with a Brazilian group over 60 years, and found high school performance in youth 
decreased the risk of dementia by 79% (OR = 0.21; CI 0.08-0.58). When adjustments were 
made for socio-demographic status and health factors, school performance remained 
statistically significant. Similarly, Chin Negash, Xie, Arnold and Hamilton (2012) measured 
reading level using the Wechsler Test of Adult Reading (WTAR) and found it explained the 
previously stark differences in performance on the MMSE by African Americans and Non-
Hispanic Whites, seen when only years of education was considered. 
In the same vein, Manly, Jacobs, Touradji, Small and Stern (2002) used reading level 
as a proxy measure of education and found this was a better predictor of cognitive decline 
than years of education in elders from minority ethnicities. They suggested that years of 
education might be a particularly ill-suited measurement in studies of elders from non-
dominant cultures where the quantity and quality of education may have been affected by 
socio-economic and political factors.  
The observation that current measurements of education may be unsuitable for people 
from non-dominant cultures is particularly relevant to people from indigenous cultures where 
displacement and eradication of language and culture are common hallmarks of the process of 
colonization. The socioeconomic disadvantage that is commonly experienced over the next 
several generations affects all aspects of life and has been shown to affect access and 
engagement in formal education (Johnston, Lea and Carapetis, 2009). For this reason, turning 
our attention to other forms of cognitive stimulation in childhood may be important for 
Aboriginal Australians. 
Informal education and childhood enrichment. An important limitation identified 
in the literature is the lack of information about cognitive stimulation provided in childhood 
by sources other than formal education in school. For this reason, alternative measures of 
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cognitive stimulation and engagement in early life in these populations are required. This 
paper suggests informal education may provide an alternative, or additional method of 
assessing the extent to which early life environment can be considered “enriched”. 
Searches for literature on informal education were conducted using the search terms 
“informal education”, “extra-curricular activity” and “education” which yielded a range of 
papers from disciplines such an environmental science, religious education and sport. Of 
interest, was work by Wilson and colleagues who investigated the association of cognitive 
activity across the lifespan, including childhood, mid life and late life (Wilson, Barnes, 
Krueger et al., 2005) The development of their work led to the creation of the Cognitive 
Activities Scale (“CAS”) administered to older people in conjunction with cognitive testing 
(Wilson et al., 2005). 
Informal education, is investigated by this thesis.  It has been defined previously as 
coming from three sources: 1) family members, peers, significant others or experts in the 
field, 2) informal learning environments such as museums, libraries, galleries, parks and zoos 
3) learning from mass media (Boekarts & Minnaert, 1999). A definition relating to indigenous 
African learning described it as a process of life-long learning from parents, family, and 
community (Ukpokodu, 2012). 
We have come to use the term “Childhood Enrichment”: a conceptualization that 
incorporates a combination of the definitions above and focuses on both participation in, and 
exposure to, stimulating environments and activities. This includes individual and group 
experiences that stimulate, challenge and nourish a child outside their school setting. In 
Australian Aboriginal groups this may also include traditional learning and participation such 
as Aboriginal art, craft, music, dancing, food, language and story telling. It incorporates 
participation in community events of any kind, including church, Sunday school as well as 
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events organized by the Aboriginal community such as picnics and get-togethers.  It includes 
exposure to books, newspapers, comics and other reading material in the family home as well 
as participation in reading alone for pleasure. It includes social activities such as board and 
card games, as well as solitary engagement in crosswords or puzzles. It includes physical 
activities and games with peers such as swimming, running, biking or more structured sports.  
The need for broader conceptualization of education has been raised in literature on 
the link between cognitive decline and formal education, particularly in culturally diverse 
groups (Manly & Mayeux, Sharp & Gatz, 2011). Comparing measures of formal education in 
a minority ethnic group with those of the dominant culture might be a false comparison since 
the level of learning and engagement is not captured. It is also argued that education may be 
related to other socioeconomic factors: that factors such as malnutrition, poverty and lack of 
opportunity may better account for the differences in later cognitive decline than time spent at 
school. In keeping with these two points, Sharp and Gatz concluded that years of education 
can mean different things when assessed in light of culture and specific cohort characteristics. 
They concluded that culture will inevitably affect evaluation of the strength of the association 
between education and cognitive decline in later life. Specifically, they suggest further studies 
are needed into the interplay of dementia prevalence with ethnicity and education (Sharp & 
Gatz).  
Limitations of past research: implications for the current study 
Relatively, little is known about dementia in Australian Aboriginal people, although 
the number of studies has increased over the past 5-10 years. One important study (“the 
Kimberley study” or “KICA study”) was undertaken in 2008 and the prevalence of dementia 
among Aboriginal Australians was found to be 12.4% at ages 45 years and older.  This was an 
alarming result, showing the rate of dementia in this Aboriginal group to be 5.2 times that of 
the general Australian population (2.4%) (Smith et al., 2008). Moreover, Smith et al. found 
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that older age, male gender and lack of education were key factors associated with dementia 
in Aboriginal Australians. Lack of education is also established as a strong risk factor for 
dementia worldwide (See Caamano-Isorna, Corral, Montes-Martinez, and Takkouche (2006), 
Sharp and Gatz (2011) for reviews). Higher education levels have been found to be protective 
against the development of dementia symptoms (Valenzuela & Sachdev, 2006).  This may be 
due to education playing a significant role in creating cognitive reserve, enhancing growth 
and resilience of the brain across the life span (e.g. Jack et al. 2013).  
The KICA study was one of the first to investigate dementia in Aboriginal Australians. 
This was an important study that investigated dementia in Aboriginal Australians living in 
remote communities and found lack of education to be one of three main risk factors for 
dementia. Given the large number of participants with no formal education, this study 
dichotomised education, comparing the impact of no education to some education. Most 
Aboriginal Australians live in cities and towns in the Eastern states of Australia, and have had 
better access to formal education, which in turn, may be protective against dementia and 
cognitive impairment.  
 
Aims of this Thesis 
The current set of studies sought to examine education and childhood enrichment, and 
assess their relationship to cognitive decline in Aboriginal Australians living in urban and 
regional settings.  First, while education is a well-established risk factor for dementia and 
cognitive decline in majority populations, no studies have confirmed this relationship across 
indigenous groups worldwide. We set out to address this gap via a systematic review of the 
literature set out in Chapter 2.  
Secondly, while higher levels of formal education have been accepted as protective 
against cognitive decline, fewer studies have investigated the association with other types of 
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cognitive stimulation in childhood. In particular, no tools currently exist to measure the extent 
of engagement in enriching childhood activities in Indigenous Australians. We aimed to 
address this absence. In Chapter 3, we describe the process of development and initial 
validation of the Retrospective Indigenous Childhood Enrichment scale (RICE). Both 
development and validation were undertaken with older Aboriginal Australians living in 
urban and regional areas of New South Wales. 
Thirdly, while lack of education was found to be a significant risk factor in Aboriginal 
Australians living in remote areas, no studies have confirmed this link in Indigenous 
Australians residing in urban and regional areas. We sought to address this. Additionally, no 
studies with this population have investigated the relationship between cognitive impairment 
and positive and negative childhood factors that may: a) hinder or help engagement in school 
or, b) be beneficial or detrimental to cognitive reserve in their own right. In Chapter 4, we set 
out our examination of the associations between education and other childhood factors with 
cognitive performance as measured by the Mini -Mental State Examination (“MMSE”, 
Folstein, Folstein & McHugh, 1975 ) 
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CHAPTER 2: Dementia in Indigenous Populations and the role of Education: A 
Systematic Review 
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ABSTRACT 
Background: Low education has been associated with cognitive decline in later life. 
Higher prevalence of dementia has been found in indigenous groups. This study aimed to 
systematically review existing evidence on the relationship between education and dementia 
in indigenous populations globally.  Method: Electronic database searches of Medline, 
PsychInfo, Scopus, and Web of Science and Embase up to 16 November 2015 were 
undertaken. Inclusion criteria were: indigenous sample, a measure of education and a 
diagnosis of dementia.  Results: Sixteen articles met inclusion criteria, covering 12 study 
populations from 5 geographical regions. Of 55,580 participants, 11,327 were indigenous. 
Twelve studies were cross-sectional, community-based prevalence studies. An aggregate 
prevalence of dementia in people over 60 years in indigenous populations was 16.16% (95% 
CI, 15.3%-17.0%): more than twice that of global estimates in low- and middle-income 
countries (5-7%). This review found an estimated 13.5% of indigenous participants had less 
than 1 year of education. Of twelve studies reporting on the association between education 
and risk of dementia, ten found that lower education was related to higher risk of dementia, 
with results from one cohort finding education to be a stronger predictor of dementia than age 
in an indigenous group.  Conclusion: These results suggest that greater access to formal 
education for indigenous people may be important to reducing the burden of dementia in these 
groups. 
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Lack of education is an established risk factor for dementia globally (Caamaño-Isorna, Corral, 
Montes-Martínez & Takkouche, 2006, Sharp & Gatz, 2011, Zhang, Katzman, Salmon et al., 
1990).  This risk may be particularly important for indigenous populations, where education 
and other social determinants of health are compromised (Marmot, 2007), however, to date 
there are no systematic reviews of the association. It is important to establish whether 
education plays a significant role in dementia in indigenous populations as: 1) indigenous 
populations tend to be burdened with higher rates of dementia compared to their non-
indigenous neighbours, and to many other populations worldwide  (Warren, Shi, Young, 
Borenstein & Martiniuk, 2015); 2) education received by indigenous people is known to be 
lacking in quantity and quality, due to socioeconomic and cultural factors (United Nations 
(2009) and 3) of three major risk factors for dementia: age, indigeneity and education; only 
education is potentially modifiable. If education is protective against dementia, it is 
indigenous populations who stand to benefit most from evidence-based policy changes aimed 
at improving educational outcomes. Here we provide a systematic review of existing research 
on the association between education and dementia in indigenous populations. 
Given the diversity of indigenous cultures, no definition of “indigenous” has been 
universally adopted. Rather, emphasis has been placed on self-identification and long-term 
historical links to geographical areas before conquest or colonization. (International Labour 
Organisation. United Nations, Indigenous and Tribal Peoples Convention, 1989, 169). This 
review follows the United Nations definition as people who self-identify as indigenous, and 
who are: 
“ … peoples in independent countries who are regarded as indigenous on 
account of their descent from the populations which inhabited the 
country, or a geographical region to which the country belongs, at the 
time of conquest or colonisation or the establishment of present state 
boundaries and who, irrespective of their legal status, retain some or all 
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of their own social, economic, cultural and political institutions” (United 
Nations, 1989). 
 
Indigenous groups vary widely in their geographical and cultural heritage and the ease 
with which they live with the dominant cultures. However, despite cultural difference, 
indigenous groups share many of the social disadvantages of some ethnic minorities such as 
low socioeconomic status, lower levels of education and consequent reduced occupational 
attainment.  
The importance of taking ethnic minority status into account in dementia research has 
been previously emphasised by several authors (e.g. Manly & Mayeux, 2004; Manly & 
Echemedia, 2007; Momtaz, Hamid, Aizan, Rahimah, 2013). In their review of 
epidemiological studies conducted in the USA, Manly & Mayeux (2004) found dementia 
prevalence was higher in ethnic groups. One of their primary hypotheses for higher 
prevalence was fewer years of and/or lower quality education. Given the generally higher 
prevalence in indigenous groups a similar hypothesis is warranted. 
Higher dementia prevalence has been found in many, but not all indigenous groups. 
Prevalence in Aboriginal Australians has been consistently reported as among the highest in 
the world, between 21.0% (Radford et al 2015) and 23.8%% (Smith et al., 2008) for those 
aged 60 years and older. Conversely, Canadian studies have found similar prevalence rates 
among First Nations groups compared to non-indigenous Canadians (Jacklin et al., 2013, 
Hendrie, Hall, Pillay, Rodgers, Prince et al., 1993). It is important to note that the 
methodology and quality of these studies varies considerably, and prevalence rates are 
reported for various age ranges, which, undoubtedly impacts, on the results. Further research 
is required to reliably determine rates of dementia in indigenous populations (Warren et al., 
2015).  
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Ethnic minorities and indigenous groups often share markers of socioeconomic 
disadvantage such as low educational and occupational attainment. The general pattern of 
increased dementia rates among ethnic minority and indigenous groups is in keeping with 
observations that physical, psychological and cognitive health is socially determined in these 
groups across the lifespan, and most prominently in mid- to late- life (Evans, Wolfe & Adler, 
2012, Marmot, 2007). Explanations for this include a cognitive reserve hypothesis based on 
the notion that level of education impacts cognitive development in early life as well as 
cognitive stimulation throughout the lifespan, possibly by influencing career opportunities 
and economic freedoms (Bickel & Kurz, 2009).  
While the link seems self evident, it has been suggested that education, the most 
common proxy measure of cognitive reserve, may not adequately capture the protective 
processes in ethnic minorities (Manly, Schupf, Tang et al., 2005), as well as in indigenous 
peoples. Number of years of school is the most commonly used metric but does not take into 
account the grade level attained, the quality of the education received nor any extra-curricular 
activities that may provide additional stimulation and enhance brain development and 
resilience. Manly and colleagues (2005) suggest literacy level may be a better measure than 
duration of education by reflecting the level of attainment and, hence the quality of schooling. 
An additional problem arises when education is used as a dichotomous variable.  For 
example, participants with no education are compared with participants who received any 
education, irrespective of the amount or type of education received (see Sharp & Gatz for a 
discussion). Such approaches may obscure the fundamental mechanisms that protect against 
cognitive decline in later life.  
In response to these concerns, researchers have used alternative measures of 
education. For example, higher academic achievement at school decreased the risk of 
dementia by 79% (OR 0.21; CI 0.08-0.58) in people over 60 years of age in Brazil (Bezerra et 
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al., 2012). Even after adjusting for socio-demographic status and health factors, school 
performance continued to make a significant independent contribution. In another study, 
reading level was used to assess quality, in addition to quantity, of education (Chin, Negash, 
Xie, Arnold & Hamilton, 2012). They found education quality better accounted for the 
differences in performance on the MMSE between African Americans and Non-Hispanic 
Whites than years of education, age and sex (Chin et al., 2012). That study reflected previous 
results in elders from ethnic minority populations, where reading level was a better predictor 
of tests of cognitive function than years of education (Manly, Jacobs, Touradji, Small & 
Stern, 2002). Similarly, for indigenous groups, years of school enrolment may not adequately 
reflect the amount of time engaged in learning, nor the academic skills acquired.  Consistent 
with this, Sharp and Gatz (2011) concluded that “years of education” could mean different 
things when assessed in light of culture and specific cohort characteristics. Sharp and Gatz 
concluded that culture inevitably affects the association between education and cognitive 
decline in later life, further highlighting the need to gain a better understanding of this issue in 
indigenous populations. 
Why it is important to do this review? 
Previous systematic reviews have examined the association between dementia and 
education (Caamaño-Isorna et al., 2006; Meng & Darcy, 2012; Sharp & Gatz, 2012).  Warren, 
Shi, Young, Borenstein & Martiniuk (2015) recently provided the first systematic review of 
dementia prevalence among indigenous groups. Our searches reveal no previous systematic 
reviews of the association between education and dementia in indigenous populations, which 
makes it difficult to ascertain the extent to which apparent higher rates of dementia are 
associated with low levels of education in indigenous populations. The objective of this 
review was to assess existing studies examining the association between education and 
dementia in indigenous populations.  
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METHOD 
Selection of Studies 
Study inclusion criteria were: (i) participants: indigenous, aged > 40 years, including 
those diagnosed with dementia (using a method based on internationally recognized criteria, 
including DSM or ICD) (ii) methodology: education was measured and quantified for the 
indigenous group(s) studied, (iii) publications: full text articles published in peer-reviewed 
journals in English language. For the purposes of this review, “indigenous” was defined using 
Article 1: subarticles 1(b) and 2 of Convention 169 (“Indigenous and Tribal Peoples”) 
adopted by the 76th International Labour Organization in Geneva in 1989 (discussed above.)  
The following databases were searched on 16 November 2015 PsycINFO (1806-
present); Medline (1950-present); Web of Knowledge (1864-present); and SCOPUS. First, in 
each database five separate searches were undertaken: four searches used exploded MeSH 
terms (Dementia, Mild Cognitive Impairment, Education and Indigenous Populations; one 
term was used per search) and one search employed a key word Literacy. Second, the five 
searches were combined in each database separately in the following manner: (Dementia or 
Mild Cognitive Impairment) and (Education or Literacy) and Indigenous.  Third, reference 
lists of the manuscripts that met inclusion criteria were hand-searched for additional studies.  
The preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) 
statement and guidelines were employed to ensure quality and transparency of reporting and 
summarizing results (Moher, Liberati, Tetzlaff et al., 2009).  Articles were tracked and 
managed using an electronic reference management system (EndNote X5) and an electronic 
database (Excel Version 14.6.1).  
Figure 1 shows the flow diagram of the selection process. Two authors (CM and KR 
or SL) inspected all titles and abstracts generated by the searches against the pre-determined 
inclusion criteria. When it was not clear whether inclusion criteria were met, full manuscripts 
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were obtained for clarification. Any discrepancies in opinion between the two authors were 
resolved though consensus (with a 3rd author). Data for the systematic review were extracted 
by the main author (CM).  
Assessment of Risk of Bias 
The quality of the selected articles was assessed using an amended version of the 
Quality Index (QI) by Downs and Black (1998). The original QI, which contains 27 items, is 
a reliable tool for measuring the methodological quality of epidemiological and health 
research (The Standards of Reporting Trials Group, 1994, Downs and Black, 1998). Fourteen 
items of relevance for intervention studies were excluded from the QI, leaving 13 items 
relevant to the observational studies included in this review (see Appendix A). Each item was 
scored 1 (yes/present) or 0 (no). The overall scores could range from 0 to 13. The relevant 
studies were assessed by two independent raters against the adapted QI. Any disagreements 
triggered a reassessment and re-rating by consensus.  
Data Synthesis 
Relevant data from the studies (participants’ demographics, education and prevalence 
of dementia/cognitive decline) were extracted from the selected studies by the first author. 
Odds ratios were extracted from studies, in order to assess the likelihood of dementia relative 
to the level of education. Aggregate descriptive statistics and odds ratios were calculated 
where data were available and sufficiently homogenous. 
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 Figure 1. Flow diagram of study search and selection. 
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RESULTS 
A total of 453 articles were retrieved from the electronic searches (Figure 1).  After 
removing duplicates 364 articles remained. Screening of titles and abstracts excluded 349 
articles. The full texts of the remaining 16 papers were read and a further 2 were excluded.  
The reference lists of the selected papers were searched manually and two additional papers 
were found to meet selection criteria. A total of 16 articles were included in the review.  
 
General Characteristics of Included Studies 
Demographic detail of indigenous participants 
Table 1 summarises descriptive results for each study.  Participants of interest in this 
review were 11,327 indigenous people from 5 indigenous groups in 5 geographical regions:  
(i) Australia (Aboriginal Australians) (LoGuidice, Smith, Fenner et al., 2015; Radford, 
Mack, Draper et al., 2015; Smith, Flicker, Lautenschlager, 2008; Smith, Flicker, Dwyer et al., 
2010);  
(ii) Guam (Chamorros) (Galasko, Salmon, Gamst et al., 2007 and Reed and Brody, 
1975; 
(iii) Israel (Arab) (Afgin, Massarwa, Schechtman et al., 2011; Bowirrat, Treves, 
Friedland & Korczyn, 2001; Bowirrat, Friedland & Korczyn, 2002a; Bowirrat, Friedland & 
Korczyn, 2002b and Israeli-Korn, Massarwa, Schechtman et al., 2010);  
(iv) South East Asia (Malay and Bumiputeras) (Hamid, Krishnaswamy, Abdullah and 
Momtaz, 2010; Ng, Leong, Chiam & Kua, 2010 and Sahadevan, Saw, Gao et al., 2008); and  
(v) the United States of America (American Indians) (Weiner, Hynan, Beekly et al., 
2007 and Weiner, de la Plata, Fields et al., 2009).   
While most studies included only indigenous participants four (4) compared 
indigenous groups with other ethnic groups residing in South East Asia (Hamid et al., 2010; 
Ng et al., 2010; Sahadevan et al., 2008) and the United States (Weiner et al., 2007)
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Table 1. Descriptive statistics and analyses of the relationship between education and cognitive impairment 
Country                 Risk of dementia    
First Author Indigenous group Male/Female  Age Study Dementia & MCI prevalence Education associated with  
 (Year) & Sample Size (n) Indigenous   Type/Design Dementia Indigenous Comparison Variable education p. 
     
types prevalence Ethnicities   (OR, 95% CI) 
 AUSTRALIA                    
Kate Smith Aboriginal 165/198 ≥45 Cross sectional TD 12.40% n/a No formal education Risk increased with  n/r 
(2010) Australians 
  
Population-based AD 2.8% 
 
vs. some schooling lack of education 
 (2008) n=363 
   
VaD 1.6% 
  
2.7 (1.1-6.7) 
 
 
Remote  
   
NOS 6.6%  
 
Indigenous women 
 
 
Western Australia 
   
Alcohol related 0.05% 
  
6.7 (1.1-39.5) 
 
     
Medical relate 0.05% 
  
Indigenous men 
      MCI 8%   1.8 (0.6-39.6)  
Lo Giudice n=189 75/114     TD 14.81% n/a No formal education      
(2015) (of n=363) 
   
AD 5.3% 
 
vs. some schooling 
  
     
VaD 0.05% 
         NOS 8.0%     
     
Alcohol 
Related 1%     
     Unspecified 7.9%     
          MCI 13.70%       
 Radford n=336 136/200 ≥60 Cross sectional TD 12.20% n/a ≤10 years  not reported   
(2015) Urban and regional  
 
Population-based AD 5.40% 
 
vs. ≥ 10 years 
  
 
New South Wales 
   
VaD 2% 
    
     
MCI 11.30% 
   
  
GUAM 
 
Reed Chamorros n/r n/r Incidcnce TD not reported n/a Years of formal not reported n/r 
(1975) n=350 
  
using ALS not reported 
 
education PD and ALS had 
 
 
(Study 1) 
  
national database PD not reported 
  
fewer years than  
 
 
n=110 
   
AD not reported 
  
controls 
 
 
(Study 2) 
  
case control 
      Galasko Chamorros     Cross sectional TD 12.20% n/a Years of formal Risk reduced with   
(2007) n=1984 751/1233 
 
Door to door GD 8.70% 
 
education more years 
 
     
VaD 1.20% 
 
continuous variable 0.87 (.0.84-0.90) 
      PDC 1.50%  logistic regression  
 TD=Total Dementia, AD =Alzheimer’s Dementia, VaD=Vascular Dementia, MCI=Mild Cognitive Impairment, n/a = not applicable, n/r =not reported 
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Table 1. Descriptive statistics and analyses of the relationship between education and cognitive impairment (continued) 
 
Country                 Risk of dementia    
First Author Indigenous group Male/Female  Age Study Dementia & MCI prevalence Education associated with  
 (Year) & Sample Size (n) Indigenous   Type/Design Dementia Indigenous Comparison Variable education p. 
     
types prevalence Ethnicities   (OR, 95% CI) 
 
ISRAEL   
Bowirrat Arab 362/461 ≥60 Cross-sectional  TD not reported n/a Years of formal Risk increased with 
 (2001) n=823 
  
population based AD 20.50% 
 
education 0 years education 
 (2002a) 
   
door-to-door VaD 5.90% 
 
2 categories AD 
 (2002b) Wadi Ara 
   
MCI 43.01% 
 
0 years ("illiterate")  26.2 (12.72-55.17) 0.0001 
        
vs. 1+ years school VaD 
 
         
5.79 (2.9=12.3) 
 Israeli-Korn Arab 379/388 ≥65 Cross-sectional  TD 11% n/a Years of education  Risk reduced with   
(2010) n=757 
  
population based AD not reported 
 
continuous variable more years 
 
    
door-to-door VaD not reported 
  
AD 
 
 
Wadi Ara 
   
MCI 30.90% 
  
0.75(0.65-0.88) 0.0002 
         
MCI 
 
         
0.76 (0.71-0.83) 
 Afgin Arab 466/478 ≥65 Cross-sectional  TD not reported n/a Years of formal Risk reduced with  0.0001 
(2012) n=944 
  
population based AD 9.80% 
 
education schooling 
 
    
door-to-door VaD 4.10% 
 
4 categories AD 
 
 
Wadi Ara 
   
MCI 32.10% 
 
0, 1-4, 5-8, ≥8years OR 0.82 (0.68-0.99)  0.039 
         
MCI 
 
         
OR 0.82 (0.68-0.99) 0.0007 
         
VaD 
 
         
Not examined 
 TD=Total Dementia (aggregate dementia any type), AD =Alzheimer’s Dementia, VaD=Vascular Dementia, MCI=Mild Cognitive Impairment, n/a = not applicable, n/r =not 
reported 
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Table 1. Descriptive statistics and analyses of the relationship between education and cognitive impairment (continued) 
Country                 Risk of dementia    
First Author Indigenous group Male/Female  Age Study Dementia & MCI prevalence Education associated with  
 (Year) & Sample Size (n) Indigenous   Type/Design Dementia Indigenous Comparison Variable education p. 
     
types prevalence Ethnicities   (OR, 95% CI) 
 
SOUTH EAST ASIA   
Sahadevan Singapore 
 
≤50 Cross-sectional  TD not reported 
 
Years of formal 
  (2008) Malay 
  
population based AD 26.40% Chinese education 
  
 
n=3053 1384/1669 
 
Database matching  
 
0.07% 4 categories 
  
    
ethnic samples 
  
Indian 1, 1-3, 4-6, >6 
  
    
proportional to 
  
17.40% <1 year  Reference 
 
    
population VaD 17.80% 
 
vs. 1-3 years 0.37 (0.20-0.71) 0.07 
     
MCI not examined 
 
vs. 4-6 years 0.19 (0.09-0.39) 0.005 
        
vs. 6+ years 0.20 (0.09-0.43) <.005 
Ng Singapore 158/196 ≥60 Cross-sectional  TD 9.40% Chinese Years of  risk is increased with   
(2010) Malay 
  
population based 
  
4.20% Education no education 
 
 
n=354 
  
Singapore National 
 
Indian 2 categories across ethnicities 
 
    
Health Survey 
  
8.80% no education 
  
    
(Elderly)(2003) 
   
vs. primary + 0.36(1.97-6.81) <0.001 
     
AD not reported 
    
     
VaD not reported 
    
     
MCI not examined 
    Hamid Malaysia n/r ≥60 Cross-sectional  TD  Indigenous Chinese Years of  risk is reduced with   
(2010) Bumiputeras 
  
population based 
 
17% 6.30% education education across 
 
 
n=320 
    
Bumiputeras Indian 3 categories ethnicities 
 
 
Malay 
    
32.20% 5.80% no education Reference 
 
 
n=1725 
    
Malay Other vs. Primary 0.32 (0.24-0.44) <0.01 
      
14.80% 17.1%) vs. Secondary/Tertiary 0.16 (0.06-0.42) <0.01 
     
AD not reported 
    
     
VaD not reported 
    
     
MCI not examined 
    TD=Total Dementia(i.e. aggregate dementia, any type), AD =Alzheimer’s Dementia, VaD=Vascular Dementia, MCI=Mild Cognitive Impairment, n/a = not applicable, n/r 
=not reported  
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Table 1. Descriptive statistics and analyses of the relationship between education and cognitive impairment (continued)  
Country                 Risk of dementia    
First Author Indigenous group Male/Female  Age Study Dementia & MCI prevalence Education associated with  
 (Year) & Sample Size (n) Indigenous   Type/Design Dementia Indigenous Comparison Variable education p. 
     
types prevalence Ethnicities   (OR, 95% CI) 
 UNITED STATES OF AMERICA   
Weiner Native American n/r n/a 
Comparative 
possible AD and 
probable AD. TD n/r African Years of education not reported n/a 
(2007) Indians 
  
Prevalence study AD 0.60% American  Mean and standard 
  
 
n=177 
  
using data  VaD n/r 11.70% deviation reported: 
  
    
collected by  MCI n/r American Indigenous 
  
    
a range of clinical 
  
Whites M=11.2 (SD=3.6) 
  
    
and laboratory 
  
86.20% African American 
  
    
studies 
   
M=10.7(SD=4.0) 
  
        
American Whites 
  
        
M=13(SD=3.5) 
  
Weiner Native American n/r n/r Case control TD n/r n/a Years of education no odds ratio 0.06 
(2009) Indians 
  
10 age matched AD n/r 
 
Mean and standard Mann Whitney 
 
 
n=21 
   
VaD n/r 
 
deviation reported AD M=5-13yrs 
 
          MCI n/r     Control M=12-16 yrs   
TD=Total Dementia, AD =Alzheimer’s Dementia, VaD=Vascular Dementia, MCI=Mild Cognitive Impairment, n/a = not applicable, n/r =not reported 
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Age  
Mean age across studies ranged from 60.7 (SD=11.9) (Smith et al., 2008) to 73.8 
(SD=6) (Israeli-Korn et al., 2010). Nine studies assessed participants who were 60 years or 
older (Afgin et al., 2012; Bowirrat et al., 2001, 2002a & b; Galasko et al., 2007; Hamid et al., 
2010; Israeli-Korn, 2010; Ng et al., 2010; Radford et al; 2015), one study included 
participants aged 50 years and older (Sahadevan et al., 2008), and another two studies, 
participants from 45 years old (Smith et al., 2008 & 2010) (M=60.7, SD=11.9 years). 
Loguidice and colleagues (2015) re-engaged Smith and colleague’s cohort, 5 years later 
(n=189) and reported the mean age at follow up (M=65.4, SD=10.3 years). Finally, one study 
provided an age range (61-89) (Weiner et al., 2009). Three studies using data compiled in 
databases designed to track the incidence and course of dementia, reported age at onset of 
dementia, initial visit and death (Reed & Brody, 1975, Study 1; Weiner et al., 2007). Neither 
Weiner (2009) nor Reed and Brody (1975, Study 2) assessed age in their case-control studies, 
which used control participants matched for age and sex. All studies assessing age in relation 
to dementia, found it to be a robust risk factor for dementia and MCI in keeping with general 
findings.  
Gender 
Data reported from 9 cohorts (12 studies) (n=8801), showed 56% (50%-66%) of 
indigenous participants were female  (Afgin et al., Bowirrat, et al., 2001, 2002a & b, Galasko 
et al., 2007; Israeli-Korn et al., 2010; Ng et al., 2010; Radford et al., 2015; Sahadevan et al., 
2008; Smith et al., 2008 & 2010; Weiner et al., 2007). For indigenous participants diagnosed 
with dementia, all but five studies reported on gender distribution within indigenous 
populations (Hamid et al 2010; Reed & Brody, 1975: Studies 1 & 2; and Weiner et al, 2009). 
11 studies reported gender as a risk factor for dementia (Afgin et al., 2012; Bowirrat et al., 
2001a; Bowirrat et al., 2001b; Bowirrat et al., 2002, Galasko et al., 2007; Israeli-Korn et al., 
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2010; Radford et al., 2015; Sahadevan et al., 2008; Smith et al., 2008 & 2010; Weiner et al., 
2007).  
Education  
Almost half (44%) of indigenous participants across 12 studies (n=6640) had less than 
1 year of education.  The lowest rates of education were reported for Indigenous Malays 
(16%) (Sahadevan et al., 2008) and the highest levels of education in urban and regional 
dwelling Aboriginal Australians (99.7%) (Radford et al., 2015). Notably, most Arab women 
were considered illiterate with around 80% having less than 1 year of schooling. (Afgin et al., 
2012, Bowirrat et al., 2001, 2002a & b, Israeli-Korn et al., 2010).  
Details of operationalization of education are also shown in Table 1. Education was 
operationalized in all studies as participants’ self-report of years of school completed. Two 
studies, treated education as a continuous variable in subsequent analyses (Galasko et al., 
2007 & Israeli-Korn et al., 2010). Eleven studies treated education as categorical variable: 
eight analysed education dichotomously, comparing no education to some education (et al., 
2012, Bowirrat et al., 2002a; Bowirrat et al., 2002b; Bowirrat et al., 2001; Israeli-Korn et al., 
2009; Ng et al., 2010; Sahadevan et al., and Smith et al., 2008 & 2010) or those with <10 
years compared with >10 years (Radford et al., 2015). Two studies compared 3 categories 
using ranges of years of education (Bowirrat et al., 2001, 2002a and 2002b; Hamid et al., 
2010), 2 looked at four categories (Afgin et al., 2012; Sahadevan et al., 2008). One study with 
small sample size (n=21) assessed the relationship using non-parametric statistics (Weiner et 
al., 2009) The remaining two did not assess the relationship between education and dementia 
(Reed & Brody, 1975, Weiner et al., 2007).   
Design 
Twelve studies were cross-sectional, population-based studies of dementia which 
reported dementia prevalence and associated factors (Afgin, Massarwa, Schechtman et al., 
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2011; Bowirrat, Treves, Friedland & Korczyn, 2001; Bowirrat, Friedland & Korczyn, 2002a; 
Bowirrat, Friedland & Korczyn, 2002b; Galasko, Salmon, Gamst et al., 2007; Hamid, 
Krishnaswamy, Abdullah and Momtaz, 2010; Israeli-Korn, Masarwa, Schechtman et al., 
2010; Ng, Leong, Chiam & Kua, 2010; Sahadevan, Saw, Gao et al., 2008; Radford, Mack, 
Draper et al., 2015; Smith, Flicker, Lautenschlager, 2008; Smith, Flicker, Dwyer et al., 2010). 
One study was a longitudinal, five-year follow up of the cohort engaged by Smith and 
colleagues (LoGuidice, Smith, Fenner et al., 2015). Afgin et al., 2012 also provided follow-up 
data about conversion to dementia within their cohort after a 1-2 year period. Case-control 
studies were reported by Weiner et al., (2009) (n=21) and Reed and Brody (Study 2) (1975) 
(n=110). Analyses of data collected in clinical databases over several decades were reported 
by Weiner et al. (2007) (n=30,993; Indigenous n=177; 1984-2005) and (Reed and Brody, 
1975, Study 1) (n= 350 indigenous, 1945-1972) who looked at incidence of dementia.  
Diagnosis of dementia and cognitive impairment. 
Procedures used to diagnose dementia varied in their rigour. Five studies used the gold 
standard procedure of diagnosis through consensus following clinical assessment following 
criteria set out in the Diagnostic and Statistical Manual (4th ed) (American Psychiatric 
Association, 1994). (Afgin et al., 2012; LoGuidice et al, 2015., Radford et al., 2015; Smith et 
al., 2008 & 2010). Other diagnostic methods used were clinical assessment conducted by a 
single study physician (Bowirrat et al., 2002a; Bowirrat et al., 2002b; Bowirrat et al., 2001; 
Galasko et al., 2007; Israeli-Korn, 2010; Sahadevan et al., 2008; Weiner et al., 2009), pre-
existing diagnoses from the established dementia databases (Reed & Brody, 1975; Weiner et 
al., 2007), criteria-based algorithms (Hamid et al., 2010; Ng et al., 2010). Overall, 10 studies 
used DSM-IV or DSM-IV TR criteria (Afgin et al., Bowirrat et al, 2001, 2002a and 2002 b, 
Israeli-Korn et al., 2010; LoGiudice et al 2015; Sahadevan et al., 2008; Smith et al., 2008 and 
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2010; Radford et al, 2015). Smith and Israeli-Korn also applied International Classification of 
Diseases -10 (ICD-10)(World Health Organisation, 1994).  
Five studies reported data for cognitive decline without dementia, which have been 
analysed in this review as mild cognitive impairment (MCI) (Petersen & Knopman, 2006). 
Afgin et al., (2012) and Israeli-Korn et al., (2010) used a Clinical Dementia Rating Scale 
score of 0.5 with informant report of cognitive decline but no problems with activities of daily 
living. Bowirrat et al., 2002b used DSM-IV criteria (APA, 1994), which stipulate a history of 
memory decline related to aging, not better explained by neurological or psychiatric disease. 
Radford et al., 2014 used criteria set out by Winblad, Palmer, Kivipelto et al., (2004) 
requiring cognitive impairment with no decline in daily functioning and Smith et al., 2008 
categorised 29 of 353 participants with Cognitive Impairment Not Dementia (CIND) which 
included those who “showed evidence of cognitive decline on assessment, but displayed no 
obvious impairment in activities of daily living” (pp.1471)  
Prevalence of dementia. 
Five studies reported overall prevalence of dementia, irrespective of type (Galasko et 
al., 2007; Hamid et al., 2010 and Ng et al., 2010). Nine reported on specific types of dementia 
(Alzheimer’s, vascular, Parkinson’s and amyotrophic lateral sclerosis (ALS). Of these Eight 
studies assessed the prevalence of Alzheimer’s disease only (Weiner et al., 2007; Weiner et 
al., 2009) or in combination with vascular dementia (Afgin et al., 2012, Bowirrat et al., 2001, 
2002a & 2002b; Israeli-Korn et al., 2010; Sahadevan et al., 2008). Two studies assessed ALS 
and Parkinson’s dementia found on Guam (Reed & Brody, 1975; Galasko et al., 2007).  Four 
studies compared dementia prevalence among indigenous populations with other ethnicities 
within the same geographical region (Hamid, et al., 2010., Ng et al., 2010., Sahadevan et al., 
2008 and Wiener et al., 2007). Dementia prevalence was consistently higher in indigenous 
populations. 
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Across studies reporting prevalence, 1,255 (13.76%) of 8997 indigenous participants 
were diagnosed with dementia. An aggregate prevalence of dementia for indigenous 
participants 60 years or older was 16.16% (95% CI, 15.3%-17.0%): (Afgin et al., 2012; 
Bowirrat et al., 2011, 2012a and 2012b; Galasko et al., 2012; Hamid et al., 2010; Israeli-Korn 
et al., 2010; Ng et al., 2010; Radford et al., 2015 and Smith et al., 2008). These are raw 
prevalence rates across studies and do not take into account the large differences in sample 
sizes (Pagano & Gavreau, 2000).  
From six studies that reported data for MCI in indigenous participants (n=5217) 
(Afgin et al, 2011; Bowirrat et al., 2001; Galasko et al., 2007; Israeli-Korn et al., 2010; 
Radford et al., 2015; and Smith et al., 2008) 20.03% received a corresponding diagnosis. 
Reported prevalence of MCI ranged from 9.4% for (Galasko et al, 2007) to 40% (Bowirrat et 
al, 2002). 
Age, gender and education as risk factors 
In keeping with general findings, age was the most robust risk factor for dementia 
across studies with the exception of Bowirrat et al., (2001a, 2002a and 2002b). While 
Bowirrat and his colleagues found age to be a robust risk factor, they found the risk of 
dementia for those with less than 1 year of education compared with having no formal 
education on in an Arab Israeli population (OR=7.9, CI 95% 3.8-16.9, p<0.0001) was similar, 
though slightly greater, than the impact of age  (OR=7.6, CI 95% 4.8-11.8, p<0.0001). Age 
was also a risk factor for MCI ((Afgin et al, 2011; Bowirrat et al., 2001; Galasko et al., 2007; 
Israeli-Korn et al., 2010; Radford et al., 2015; and Smith et al., 2008). 
Education was found to be a robust predictor of dementia in most but not all studies. 
Eight studies reported higher numbers of indigenous participants who had been diagnosed 
with dementia with less than 1 year of education compared to those with more education 
(Afgin et al. 2012; Bowirrat et al., 2001, 2002a & b; Israeli-Korn et al., 2010; Ng et al., 2010; 
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Sahadevan et al., 2008; and Smith et al., 2010). Using the pooled data from these 6 studies, 
21.04% of uneducated participants had a diagnosis of dementia (CI 95% 19.24 – 22.86). 
Unfortunately, insufficient data were reported on educated participants, which prevented an 
aggregate calculation with which to make a direct comparison. Using data from 7 studies 
which dichotomized education (no education vs. some education (i.e. any amount of time 
spent at school), we found the risk of dementia for those participants with no education was 
more than six times that for participants with some education 6.16 (CI 95% 5.09 – 7.47) 
(Afgin et al., 2012, Bowirrat et al., 2001, Bowirrat et al., 2002a; Bowirrat et al., 2002; Israeli-
Korn et al., 2009; Ng et al., Smith et al., 2010). Of the 12 studies that analysed relations 
between education and dementia, 10 found a high levels of education to be protective using 
logistic regression to calculate odds ratios  (Afgin et al., 2012; Bowirrat et al., 2002a, 2002b, 
and 2001; Israeli-Korn et al., 2010; Galasko et al., 2007; Hamid et al., 2010; Ng et al., 2010; 
Sahadevan et al., 2008; and Smith et al., 2010).   Hamid et al., (2010) concluded that 
education was “by far the most important factor contributing to elevating the dementia 
prevalence….” in the indigenous population, surpassing the association with age (p.537). 
Afgin and colleagues, also working with an Arab group, found Alzheimer’s dementia was 
strongly linked to low education finding much higher rates in those with no education 
(15.7%) compared to those with =>8 years of school (2.1%). These results held when 
assessing those with MCI with 42.2% having no education compared to 2.1% in those with 8 
or more years of education.  
Smith et al., (2010) found that lack of education, along with older age and male 
gender, was a primary risk factor for dementia in remote dwelling Aboriginal Australians. 
Weiner found that American Indians had similar levels of education to African Americans but 
lower than White Americans but performed closer to whites on the MMSE.  Radford et al, 
(2015) did not analyse the relationship between education and dementia.  
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Overall, indigenous women were more likely to have dementia (OR = 0.53 CI 95% 
0.46, 0.61, p=<0.001) than indigenous men (Afgin et al, 20110, Bowirrat et al, 2001a, Israeli-
Korn et al., 2009; Sahadevan et al., 2008;). This effect was prominent, particularly in Arab 
Israeli groups where most women (77.2%; Afgin et al., 2012) had no schooling. The 
exceptions were two cohorts of Aboriginal Australian participants (Radford et al., 2015; 
Smith et al., 2008) in which a greater proportion of males were diagnosed with dementia. 
Smith and colleagues found that dementia was significantly more prevalent in men than 
women (17% vs. 9%) (OR 3.1, 95%CI 1.4-6.8) in remote dwelling Aboriginal Australians. 
Radford and colleagues observed a similar result in urban Aboriginal Australians (i.e. 18% 
men vs. 11% women), but the difference did not reach statistical significance (p=0.06). 
Notably, women in Radford and colleagues’ cohort were more likely to have achieved more 
than 10 years of education than their male counterparts. An interaction between gender and 
education was apparent in results reported by Smith et al., 2010 with uneducated women 
having more than 6 times greater risk of dementia than women with any education (OR 6.7, 
95% CI 1.1-39.5).  The risk for men without education was not significant (OR 1.8, 95% CI 
0.6-5.6).   
Increasing age and lack of formal education were significant risk factors for 
development of MCI in Arab Israeli groups and remote dwelling Aboriginal Australians 
(Afgin et al., and Lo Giudice et al 2015).   
Association between indigeneity and dementia 
Four studies compared indigenous rates of dementia to those of the dominant ethnic 
group residing in the same country (Hamid et al, 2010, Ng et al, 2010, Sahadevan et al, 2008).  
All four found higher prevalence in indigenous groups.  Three studies, based in South East 
Asia, reported indigenous Malays and Bumiputeras  had a significantly higher risk of 
dementia than the majority Chinese population (Hamid et al., 2010; Ng et al., 2010; 
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Sahadevan et al., 2008). In Malaysia, Hamid found Bumiputeras had more than five (5) times 
the risk of developing dementia than majority Chinese (OR 5.06, 95% CI 3.14-8.15). Similar 
results were revealed in the studies headed by Sahadevan, and Ng who assessed the impact of 
ethnicity combining Bumiputeras and Malay groups to show these participants had a two and 
threefold risk of developing dementia compared to majority Chinese.  In both these studies, 
non-indigenous Indian participants had an even further elevated risk of dementia of two to 
four times that of Chinese. Ng cited socioeconomic factors as major contributors to the ethnic 
variation in dementia risk, citing poor education as going “hand in hand” (p. 136) with other 
contributory factors. Conversely in Weiner and colleagues’ (2007) analyses, American Indian 
dementia patients recorded in a U.S. National database, had the lowest rate of probable AD 
(76.8) compared to Black Americans (78.9%) and White (80.5%). Weiner et al compared 
those with possible and probable AD using an existing dementia database. As a result, it was 
not possible to draw any inferences about prevalence or the impact of psychosocial factors 
from the seemingly contrary result found in this American cohort. 
Quality Assessment 
 Table 2 provides scoring for each study and aggregate quality rating across studies. 
The mean quality score on the Downs and Black (1998) checklist as modified was in the 
moderate range (M=11.19, SD=2.20). Scores for each study ranged from 6/13 to 13/13 with 
one study meeting only 6 items but conversely, six studies meeting criteria for all quality 
items.  Across all studies, only 38 per cent reported on distribution of confounders (Item 4) 
however, 100% of studies clearly described the aim of the study (Item 1) and provided sample 
size or power calculation (Item 13). The least consistent aspect among studies was the overall 
quality of reporting (38%-100%). 
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Table 2. Quality assessment criteria adapted from Downs and Black checklist             
 
 
Internal Validity 
Studies 
Quality of reporting 
External 
Validity 
Statistical and methodological 
bias 
Selection 
Bias 
  
            
 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 Sum 
Afgin (2011) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
Bowirrat (2001) 1 1 1 0 1 1 1 0 1 1 1 1 1 11 
Bowirrat (2002a) 1 1 1 0 1 1 1 0 1 1 1 1 1 11 
Bowirrat (2002b) 1 1 1 0 1 1 1 1 1 1 1 1 1 12 
Galasko (2007) 1 1 1 0 1 0 0 1 1 1 1 1 1 10 
Hamid (2010) 1 1 1 0 0 1 1 1 1 1 1 1 1 11 
Israeli-Korn (2010) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
Lo Giudice (2015) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
Ng (2010) 1 1 1 0 1 1 1 1 1 1 1 1 1 12 
Radford (2015) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
Reed (1975) 1 0 1 0 1 0 0 0 1 0 0 1 1 6 
Sahadevan (2008) 1 1 1 0 1 1 1 1 1 1 1 1 1 12 
Smith (2008) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
Smith (2010) 1 1 1 1 1 1 1 1 1 1 1 1 1 13 
Weiner (2007) 1 1 0 0 0 1 1 0 0 1 1 0 1 7 
Weiner (2009) 1 1 1 0 1 1 1 0 0 1 1 0 1 9 
% Endorsed 
100 94 94 38 88 88 88 69 88 94 94 88 100 
179 
1) Hypothesis/aim/objective clearly described. 2) Main outcomes to be measures clearly described. 3) Patient characteristics clearly described. 4) Distribution of principal 
confounders clearly described 5) Main findings clearly described 6) Estimates of random variability for the main outcome clearly described 7) Actual probability values 
reported for the main outcomes except where p =<0.001. 8) Response rate clearly described 9) Patients representative of population from which recruited 10) Were the 
statistical tests used to assess main outcomes appropriate 11) Main outcome measures valid & reliable 12) Adequate adjustment for confounders 13) Sample size or power 
calculation provided. 
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DISCUSSION 
The aim of this paper was to systematically review the evidence on the association 
between education and dementia in indigenous groups. The review found overwhelming 
support for the relationship between lack of education and dementia in these populations . 
Those with no education were six times more likely to develop dementia than those with any 
education (Afgin et al. 2012., Bowirrat et al., Israeli-Korn et al., Ng et al., Sahadevan et al., 
and Smith et al., 2010). This finding was particularly strong in groups where lack of 
education and illiteracy were common. In keeping with this, dementia was more common in 
women than men in the majority of studies and this effect was most stark in populations 
where illiteracy was most common in women. Of 12 studies assessing the association 
between education and dementia, 10 showed a statistically significant association between 
lower levels of education and dementia. Weiner et al., (2009) conducted a case-control study 
comparing 11 American Indian Alzheimer’s dementia patients with 10 age-matched controls. 
Despite the small sample size of this study, the association between low education and 
dementia approached significance (p=.06).  
Several studies noted the interaction between gender, education and dementia.  This 
was particularly strong in Arab populations where close to 80% of women had no schooling 
and were most likely to develop dementia. This appears to support the need for education in 
these communities and is bolstered by results from Radford et al., (2015) showing women 
were more educated than men and less likely to develop dementia.  
As there appears to be a strong inverse relationship between years of education and 
dementia, a better understanding of the aspects of education that are most protective would be 
a useful next step in the investigation. It is unclear whether cognitive stimulation at school is 
beneficial, alone or in conjunction with social interaction, emotion regulation, self-discipline, 
routine, or some other factor.  In indigenous populations, where fewer years of education are 
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the norm, it may be more useful to look at other aspects of cognitive stimulation in childhood 
such as games, sport, music, art and community involvement.  Exposure and participation in 
activities during childhood may provide similar stimulation to formal education, as may 
traditional cultural and family learning. Examination of these informal modes of education 
could provide insight into the nature of the association between education and cognitive 
decline in keeping with previous findings on the cognitive benefits of enriched environments 
(Janowsky Melnikova, Fadale, et al., 2005). Nevertheless, formal education is clearly 
important and justifiably already a focus for improving economic and health outcomes in 
many indigenous populations.  
Measurement and analyses of education stands out as a prominent weakness of studies 
in this review. All reported ‘years of education,’ some using a dichotomous variable (‘some 
education’ vs ‘none’) removing the possibility of assessing the extent to which different 
‘doses’ of education provide benefit. Moreover, ‘years of education’ provides information 
about the length of time the participant was officially enrolled in an educational institution, 
but does not shed light on the level of academic attainment, the quality of instruction 
received, or other factors that could restrict learning and participation at school (e.g. hearing 
impairment associated with chronic ear infection). Perhaps the greatest weakness across this 
literature is the paucity of longitudinal studies to assess the development and progression of 
cognitive function across the life span, taking education and other forms of cognitive 
stimulation into account. Notable exceptions to this were the longitudinal follow up 
conducted by Afgin et al, 2011 and LoGuidice et al, 2015.  Afgin et al 2011 found that age 
and greater time between assessments predicted conversion to dementia from MCI, and that 
gender and education were no longer significant predictors. Lo Giudice and colleagues 
(2015) which confirmed lack of education more than doubled the risk of developing dementia 
in the follow up group (OR 2.63 (1.15-6.01).  
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A notable strength of a number of studies was the use of a two-phase diagnostic 
process in which participants underwent a cognitive screen, followed by a more rigorous 
medical assessment of: 1) all those deemed below threshold and 2) a random sample of those 
deemed cognitively intact. Diagnosis by consensus ensures greater diagnostic rigor and 
accuracy given the inherent cross-checks between professionals. This contrasts with some 
studies where a pre-existing diagnosis, or a score of a cognitive screening tool alone, is used 
to define diagnosis for research purposes. The use of algorithms has a practical advantage but 
may lack the accuracy of diagnosis by an experienced clinician. Homogeneity of diagnosis 
would aid in the comparison of results. 
The operationalisation of education as a factor associated with dementia is a point for 
improvement in future studies.  A broader range of measurements might be employed with 
indigenous groups, as has been applied with other populations (Manly & Mayeux, 2004) for 
example, grade/reading level completed, quality of education and, particularly in 
disadvantaged indigenous groups, a measure of informal education and other sources of 
cognitive stimulation across the lifespan may be relevant to account for reduced opportunities 
for formal education. Katzman (1993) noted that different measures of education or cognitive 
reserve might be necessary, particularly in groups where formal education may have been 
lacking.  
The review has weaknesses. Meta-analyses were not undertaken due to the 
heterogeneity of the data, or the lack of data reported. Obtaining raw data from authors may 
be a way to conduct a better assessment of the relationship between education and dementia 
in indigenous populations. Secondly, the review collapses types of dementia, and this may 
have affected the accuracy with which we assessed the protective effect of education for 
different types of dementia. Additionally, odds ratios were calculated using raw data without 
taking into account the large differences in sample sizes. The contribution of demographic 
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(e.g. SES) and other factors (e.g. health) to educational outcomes has not been examined 
systematically in reviewed studies. While these factors are important, the information 
available from the various papers was disparate, analysis inconsistent and analyses of these 
were considered beyond the scope of our paper. 
This review provides insight into the relationship between education and dementia in 
indigenous populations across the world.  It highlights the high prevalence of dementia in 
these populations (16.16% (95% CI, 15.3%-17.0%) across studies 60 years and older and 
suggests the generally lower levels of education play a significant role. The review highlights 
the narrow definition of education; a pervasive problem which exists across the literature. 
Future reviews could be improved by conducting a review of studies assessing the 
relationship between dementia and other informal forms of learning or environmental 
enrichment in early life.  
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APPENDIX A 
Quality index based on Downs and Black (1998) 
Item Number Item/possible score 
1 Is the hypothesis/aim/objective of the study clearly described? (1=Yes, 0=No) 
2 Are the main outcomes to be measured clearly described in the Introduction or Methods 
section? (1=Yes, 0=No) 
3 Are the characteristics of the patients included in the study described clearly? (1=Yes, 
0=No) 
4 Are the distributions of principal confounders in each group of subjects to be compared 
described clearly? (2=Yes, 1=Partially, 0=No) 
5 Are the main findings of the study described clearly? (1=Yes, 0=No) 
6 Does the study provide estimates of the random variability in the data for the main 
outcomes? (1=Yes, 0=No) 
7 Have the actual probability values been reported (for example, 0.035 rather than <0.05) for 
the main outcomes except where the probability value is less that 0.001? (1=Yes, 0=No) 
8 Were the subjects asked to participate in the study representative of the entire population 
from which they were recruited? (1=Yes, 0=No) 
9 Were the statistical tests used to assess the main outcomes appropriate? (1=Yes, 0=No) 
10 Were the main outcomes measures used accurate (valid and reliable)? (1=Yes, 0=No) 
11 Were the patients in different groups recruited from the same population? (1=Yes, 0=No) 
12 Was there adequate adjustment for confounding in the analyses? (1=Yes, 0=No) 
13 Did the study have sufficient power to detect a clinically important effect where the 
probability value for a difference being due to chance is less that 5%? (1=Yes, 0=No) 
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CHAPTER 3: Initial development and validation of the Retrospective Indigenous 
Childhood Enrichment (RICE) Scale 
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ABSTRACT 
Background: Years of education is the most commonly used proxy measure of cognitive reserve. 
Other forms of cognitive stimulation in childhood may provide similar protection against cognitive 
decline, particularly in Indigenous groups, where education may have been lacking in quality or 
quantity. The Retrospective Indigenous Childhood Enrichment (RICE) scale was developed to 
measure non-school based activities and environmental stimulation during childhood that are likely 
to have enhanced cognitive reserve.  
Methods: A total of 336 Aboriginal Australian people (60-92 years), living in urban or regional 
areas of NSW, completed the RICE scale as part of a longer face-to-face interview. Additional data 
was collected on their formal education, childhood environment, and childhood trauma (Study 1). 
Test-retest, inter-method and inter-rater reliability were assessed in a convenience sample of a 
further 38 participants by re-administration of the RICE scale at two time points, approximately 14 
days apart (M=14.11, SD=6.78) (Study 2). 
Results: Factor analyses reduced the scale from 21 items to 18 and identified three factors: 1) 
Traditional, 2) Intellectual and 3) Community. Higher scores on the RICE scale were related to 
higher years of formal education and lower scores on a childhood trauma questionnaire. The RICE 
Scale had good internal consistency (Cronbach’s alpha 0.79), excellent test-retest reliability (ICC= 
0.95, 95% CI 0.90-0.97) and inter-rater reliability (0.99, CI 95% 0.997-0.999).  
Conclusions: The RICE is, to our knowledge, the first standardized measure that assesses the level 
of childhood environmental stimulation in older Aboriginal Australians. This could provide an 
important supplementary measure, in addition to formal education, to investigate cognitive reserve 
and dementia risk in this population and enhance understanding of the links between childhood 
experiences and late-life cognitive decline. 
  
  62 
Current literature indicates that stimulating and nurturing environments in childhood may enhance 
the growth and resilience of the brain and protect against cognitive decline later in life (Anstey, 
2013; Wilson, Barnes & Bennett, 2003).  As such, lack of education has emerged consistently as a 
key risk factor for dementia worldwide (Caamaño-Isorna, Corral, Montes-Martinez, & Takkouche, 
2006; Sharp & Gatz, 2011).  Years of formal education is therefore, often favored as a 
straightforward measurement to capture childhood cognitive enrichment.  However, in certain 
ethnic minorities and indigenous groups, such as Aboriginal Australians, quality as well as quantity 
of formal education may be reduced and other measures may be necessary to assess the impact of 
education and cognitive reserve (Manly & Mayeux, 2004).  It is reasonable to assume that enriching 
activities (‘informal education’) such as traditional cultural practices, games, sport, community 
involvement, reading, art and music may also protect against dementia and cognitive impairment in 
late life.  
Considering the higher prevalence of dementia among Aboriginal Australians, it is 
important to understand the level of formal and informal education in this population. Dementia 
prevalence has been found to be 3 to 5 times higher in Aboriginal Australians than in the general 
Australian population (Radford et al., 2015; Smith et al., 2008;).  In non-indigenous populations, 
age, female gender and lack of education have been consistently associated with greater risk of 
dementia (Meng & D’Arcy, 2012).  Other psychosocial risk factors have also been identified such 
as childhood trauma (Majer, Nater, Lin et al., 2010; Pesonen et al., 2013; Pesonen & Räikkönen, 
2012), low socioeconomic status in childhood including living in rural areas (Borenstein, 
Copenhaver, Mortimer, 2006 and Hall & Hendrie, 2012).  It is feasible that such risk factors may 
also increase the vulnerability of Australian Aboriginal people to dementia. 
 It has been suggested that engagement in cognitively enriching activities in childhood may 
impact on cognitive reserve (Jefferson et al., 2011).  However, there is currently no retrospective 
measure of childhood enrichment that incorporates informal education, such as traditional 
indigenous learning and engagement, which could capture a different or additional type of 
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childhood enrichment that conventional measures like ‘years of education’ would not.  The 
Retrospective Indigenous Childhood Enrichment (RICE) Scale was designed to assess the extent to 
which older Australia Aboriginal people participated in, or were exposed to, traditional culture, 
social and community engagement, physical activity, and other forms of stimulation outside of 
school during their childhood.  The aim of the study was to develop a measure of informal 
education relevant to the childhood experiences of Aboriginal Australians and evaluate its overall 
structure and psychometric properties.  
METHOD 
Participants  
The RICE Scale was validated in two distinct studies. Study 1 involved 336 Australian 
Aboriginal people over the age of 60 living in urban or regional areas in New South Wales who 
participated in the Koori Growing Old Well Study (Radford et al, 2014).  Study 2 included a 
convenience sample of 38 participants over 50 years living in Sydney. Exclusion criteria for both 
studies were stroke within the past 3 months and current incarceration.  Data from 4 participants 
had cognitive impairment related to other mental health conditions was excluded from analyses. 
Approvals were obtained from the Aboriginal Health and Medical Research Council (615/07) and 
the University of New South Wales Human Ethics Committee (HREC08003).  All participants 
provided written informed consent.  
Measures 
 Retrospective Indigenous Childhood Enrichment (RICE) Scale. 
The RICE scale was developed in collaboration with Aboriginal communities and consists 
of items about participation in, and exposure to, various childhood activities and environments.  A 
copy of the final version of the scale is provided (Appendix A).  A broad range of activities was 
selected drawing on existing literature.  Input and advice was sought and generously provided by 
older Aboriginal Australians from Sydney in New South Wales, who were community 
representatives and/or participants in an initial pilot study (n=30). The original scale contained 26 
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items. Five items were removed from the original scale as community members advised that the 
items were confusing. Two of the 5 removed items inquired about activities that continued into 
adulthood. Three of the 5 removed items asked participants to specify whether art or musical 
instruments were Indigenous, mainstream or both. . The final scale, used in this study had 21 items. 
The questions ask about exposure to and participation in (i) traditional Aboriginal cultural activities, 
such as art, stories, ceremonies, (ii) community events, (iii) physical activity, (iv) reading and (v) 
playing games. Each question is scored using a 5-point Likert scale (1= Never, 5 = Very Often or 
1=None, 5 = A lot).  When completing the RICE Scale, all participants were asked to think about 
their life up to age 15 years (inclusive).  For items asking about traditional Aboriginal activities, 
participants were instructed to define ‘traditional’ in a way that was appropriate to them.  
 Other measures   
Participants provided demographic details including age, sex, geographical area where they 
lived for most of their childhood (coded as urban or regional/remote) and education level.  Total 
years of formal education was calculated based on the highest qualification attained.  Study 1 also 
included the Childhood Trauma Questionnaire (Bernstein & Fink, 1997): a valid and reliable 
retrospective self-report measure of childhood abuse and neglect.  It consists of 25 items and 3 
minimisation screening questions (not included in the total score) (e.g. I had the perfect childhood) 
rated on a 5-point Likert scale (1=Never True to 5 = Always True).  
Procedure 
In Study 1, the RICE scale was administered by structured interview as part of a longer 
assessment (Radford, Mack, Robertson et al., 2014).  In Study 2, participants completed the RICE 
scale via interview (answering the questions asked by a health worker or researcher), or via self-
administration (using the same form with pen and paper).  Mode of administration was determined 
by participant preference or necessity (e.g. visual or manual impairment).  Test–retest reliability 
was assessed by re-administration of the scale about 14 days later (M=14.11, SD=6.78).  Inter-rater 
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reliability was assessed by asking a blinded second rater to listen to the recorded interviews and fill 
out Likert-scale responses on the form used in the interview setting.  
Statistical analysis 
A statistical software package (IBM – SPSS version 23) was used to analyse data, with 
statistical significance set at α = .05.  Exploration of Study 1 data, using the Keiser-Meyer-Olkin 
Measure of Sampling Adequacy (“KMO”) (0.805) Bartlett’s Test of Sphericity was significant (2 
(210) = 1514.76, p =.00) and showed the RICE Scale met criteria for parametric analyses with a 
KMO value above the recommended level of 0.6 (Hills, 2011).  Forty-two participants had missing 
values on one or more of the RICE items.  Missing values were assessed visually for any systematic 
reason for data loss.  Random loss was verified using Little and Rubin’s (1989) Missing Completely 
At Random Test (MCAR).  List-wise deletion was used.  Data for 294 participants were included in 
analyses.  There were no significant differences in years of education and sex distribution between 
the 294 included and 42 excluded participants in Study 1.  Those whose data was excluded were 
older on average (M=70.02, SD=8.57) than those whose data was included (M=66.15, SD=5.73, 
p=0.007).   
 The RICE Scale structure was examined by factor analyses to identify highly correlated 
items and in turn, identify underlying sub-constructs that may be being measured by groups of 
items (Study 1).  These initial analyses were carried out using Eigenvalues of greater than 1 and 
Oblimin Rotation to allow non-orthogonal solutions.  A scree plot of eigenvalues was used for 
visual confirmation of likely solutions.  Subsequent extractions of likely factor solutions were 
undertaken using Varimax Rotation.  Internal consistency reliability was used to examine the extent 
to which the instrument measures the same construct (Cronbach’s alpha).  Convergent validity was 
assessed by examining correlations (Pearson’s r) between the RICE scores (Total and Factors) and 
years of formal education.  Concurrent validity was assessed using independent t-tests to examine 
between-group differences in total scores according to age (cutoff: 65,), gender, childhood 
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residential setting (urban versus rural or remote), formal education (cutoff: 10 yrs.) and CTQ score 
(cutoff: 36, scores higher than which suggest a childhood affected by neglect or abuse).  
 Further reliability analyses were performed using data obtained in Study 2. First, test-retest 
reliability was assessed for the total and factor scores obtained at Time 1 and 2 using intra-class 
coefficients (ICC).  Second, inter-rater reliability was also assessed using intra-class coefficients for 
total, factor and item scores.  Third, inter-method reliability was tested using independent t-tests to 
compare mean scores obtained using different modes of administration (interview and self-
administration) for total and factor scores.  
RESULTS 
Participants 
The mean age of participants in Study 1 (n=294) was 66.61 years (SD=6.3) years and 200 
(59.5%) were women.  One hundred and forty-five (41%) currently lived in urban communities 
(i.e., major cities). Ninety-two (31.3%) lived in major cities as children.  One hundred and forty-
five (61 %) had fewer than 10 years of formal education (overall sample M=9.3, SD= 2.9).  Women 
were more likely than men to have 10 or more years of formal education (n=88 (44%) vs. n=44 
(32%), χ2  1, n=46) = 115.5, p<0.001).  The mean childhood trauma score on the CTQ was 36.67 
(SD = 16.78).  
The mean age of participants in Study 2 (n=38) was 70.15 years (SD=8.38).  Twenty-five 
(65.8%) were women.  One participant chose not to complete the RICE at Time 2 due to a 
bereavement, leaving 37 participants’ data included in the reliability analysis.  
Questionnaire structure 
The distribution of Study 1 data was close to normal with a skewness of 0.28 (SEM 0.142) 
and kurtosis of -0.094 (SEM 0.283).  The final factor analysis extracted three factors (based on the 
scree plot).  This solution suggested the removal of three items, which loaded below 0.3 on all 
factors: Music (How often was music played in your home or on the radio?), Pretend (How often 
did you play “make believe” or pretend/role play games?), and Instrument (How often did you play 
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an instrument?). This reduced the number of items to 18. Five (5) items measuring frequency of 
involvement in traditional Aboriginal cultural learning or activities loaded together on Factor 1 
(“Traditional”).  Five (5) items loading on Factor 2 described reading and information gathering 
activities (“Intellectual”) and 8 items loading on Factor 3 described activities and exposure to social 
and interpersonal activities (“Community”).  Two items, Art at home (Item 9) and Art made (Item 
10) loaded similarly on Factor 1 (Traditional) as well as Factor 3 (Community).  These two items 
were maintained as part of Factor 3 (Community) given qualitative data obtained during 
administration of the scale: art making was often undertaken as a social activity (women’s craft 
circles) or as part of teaching children about Aboriginal traditions (e.g. older men teaching boys 
how to make boomerangs).  Table 1 shows loadings for the three-factor solution using 18 items and 
descriptive statistics (means and standard deviations) for each item, the total RICE scale and the 
three factors. 
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Table 1. Retrospective Indigenous Childhood Enrichment Scale (RICE): Descriptive Statistics 
(Mean, SD, Min, Max) and Factor Loading of the Items 
N= 332. 
 
The internal consistency of the scale as a whole was good with Cronbach’s alpha of 0.79. All but 
two items (Item 4 Rituals and Item 7 Church) contributed positively to the reliability of the scale.  
Those items, if deleted, increased alpha by only 0.001 and so were retained. The internal 
consistency of the subscales was moderate with Cronbach’s alpha of 0.72 for Factor 1 (Traditional) 
and 0.76 for Factor 2 (Intellectual). Cronbach’s alpha for Factor 3 (Community) was acceptable at 
0.69.  
  Descriptive Analyses Factor Analyses  
    Mean SD Median 
Factor 1 
Traditional 
Factor 2 
Intellectual 
Factor 3 
Community RICE Total 
1 Traditional stories 2.71 1.60 3 0.470 -0.031 0.257 0.496 
2 Aboriginal ceremonies 1.36 0.95 1 0.826 0.033 -0.091 0.553 
3 Aboriginal dance 1.31 0.88 1 0.842 0.009 -0.042 0.583 
4 Aboriginal rituals 1.07 0.39 1 0.636 -0.061 -0.147 0.314 
5 Aboriginal songs 1.52 1.11 1 0.810 0.020 -0.011 0.588 
6 Aboriginal community 2.26 1.56 1 0.421 -0.171 0.525 0.551 
7 Church 4.03 1.33 5 -0.234 -0.075 0.631 0.220 
8 Other community events 2.63 1.54 3 -0.039 -0.089 0.645 0.360 
9 Artwork at home 1.91 1.33 1 0.309 0.144 0.372 0.579 
10 Artwork made 2.28 1.55 1 0.287 0.147 0.356 0.555 
11 Sing 2.89 1.65 3 0.173 0.160 0.418 0.523 
12 Activity 4.38 1.06 5 0.027 0.131 0.452 0.423 
13 Sport 3.79 1.45 4 -0.107 0.118 0.564 0.396 
14 Puzzles 3.17 1.49 3 0.018 0.521 0.006 0.373 
15 Books at home 2.33 1.36 2 0.011 0.761 -0.078 0.472 
16 Library 1.98 1.43 1 0.058 0.778 -0.092 0.509 
17 Newspapers 3.31 1.46 4 -0.051 0.630 0.177 0.516 
18 Read 2.99 1.58 3 -0.095 0.783 0.101 0.496 
 
Total Scale and Factor  
Mean (SD)    7.93(3.61) 13.67(5.25) 24.11(6.45) 45.93(11.56) 
 Min 
   5 5 9 19 
  Max 
      25 25 40 81 
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 Mean inter-item correlation for the total RICE Scale was low at r(293) = 0.18. Mean inter-
item correlations were similarly low for the individual factors; i.e. Factor 1 (Traditional) (r(293) = 
0.19), Factor 2 (Intellectual) (r(293) = 0.19) and Factor 3 (Community) (r(193) = 0.18), confirming 
that items within sub-scales measured different aspects of childhood enrichment. 
Response categories 
In Study 1, the full range of responses (i.e., 1 through 5) was used for every item. Two 
people (0.6%) scored the minimum of 19, and one person scored the maximum of 81 (0.3%).  The 
mean and median responses to each item described this cohort as physically active, church going 
with relatively less frequent involvement in traditional Aboriginal Cultural activities.  The most 
frequently endorsed item on Factor 1 (Traditional) was Item 1 Stories suggesting a strong oral 
culture among families and community members.  The most frequently endorsed item on Factor 2 
(Intellectual) was Item 17 Newspapers which suggested some kind of reading material was 
available in the homes of most participants growing up (e.g. newspapers, comics and magazines).  
The most endorsed items on Factor 3 (Community) were Item 12 Activity, Item 13 Sport and Item 7 
Church, which suggested strong community relationships and routines as well as an emphasis on 
sporting games and competitions.  
Reliability 
Test-retest reliability (n=37) analyses revealed an intra-class coefficient of 0.95 (95% CI 
0.90-0.97) between total scores at Time 1 (M=50.81, SD=8.23) and Time 2 (M=50.43, SD=7.60).  
The mean interval between Time 1 and Time 2 testing was 14.11 days (SD=6.78). Test-retest 
reliability for each of the three RICE factors was also excellent with intra-class correlations of 0.95 
(95% CI, 0.90-0.97) for the Community factor, 0.94 (95% CI, 0.88-0.97) for the Intellectual factor 
and 0.97 (95% CI 0.93-0.98) for the Traditional factor.  
 Inter-rater reliability was excellent, as shown by intra-class correlations for items included 
in the Total (0.99, CI 95% 0.997-0.999), Traditional factor (0.096, CI 95% .990-998), Community 
factor (0.998, CI 95% 0.996-0.999), and Intellectual factor scores (ICC=1.0). 
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 Scores were not affected by mode of administration (Interview or Self-Administration) 
according to t-tests showing the mean score differences were not statistically significant for Total 
Score and three factor scores. (Table 2.)  
Table 2. Inter-method reliability for RICE total and factor scores 
RICE 
Subscales 
Interview       
(n=20) 
Self administration          
(n=18) t (df) p. 
 M(SD) M(SD)   
Total 52.12(8.87) 48.94(7.25) 1.21(36) 0.23 
Traditional 8.34(4.57) 7.22(2.49) 0.93(36) 0.36 
Intellectual 15.15(4.29) 15.06(3.98) 0.07(36) 0.95 
Community 28.65(5.32) 26.67(4.41) 1.24(36) 0.22 
N=38 
Convergent and Concurrent Validity 
Total RICE scores were positively associated with years of education (r=0.32, p<0.001), 
with Pearson’s correlations of 0.19 (p<0.001) for the Traditional factor, 0.22 (p<0.001) for the 
Community factor and 0.29 (p<0.001) for the Intellectual factor.  Table 3 shows concurrent validity 
of RICE scores for subgroup comparisons for age (cut off: 65 years), sex, childhood residence 
(Major city vs. regional, rural or remote, formal education (cut off: 10 years) and CTQ scores (cut 
off score: 36).  The RICE was not sensitive to age or gender, however, significantly different mean 
scores were found on total and/or factors scores depending on years of education, childhood 
residence and CTQ scores.
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Table 3.  Concurrent validity of mean RICE scores using sub-group comparisons 
Subgroup   N              
Total                    
(18  items) 
M(SD) 
Factor 1  
Traditional         
(5 items) 
M(SD) 
Factor 2  
Intellectual         
(5 Items) 
M(SD) 
Factor 3        
Community                 
(8 Items) 
M(SD) 
Age (years) >=65 153 46.17(11.54) 7.97(3.79) 13.71 (5.23) 24.48 (6.42) 
 <65 137 45.66(11.62) 7.98(3.58) 13.86 (5.18) 23.82 (6.39) 
        
Gender Female 177 45.73 (11.63) 7.84 (3.44) 13.71 (5.10) 24.18(6.69) 
 Male 117 46.22 (11.50) 8.17 (4.04) 13.89 (5.36) 24.16(5.98) 
        
Education 
(years) 
<10 years 176 43.23 (10.58) *** 7.47 (3.28) ** 12.41(4.86) *** 23.12 (6.26) ** 
 >=10 years 118 50.05 (11.91) 8.72 (4.00) 15.53(5.30) 25.52(6.49) 
        
Childhood 
Home 
Rural/Remote 200 46.21(11.81) 8.72(3.93)*** 13.65 (4.90) 23.84 (6.34) 
 Major City 92 45.58 (10.81) 6.42 (2.46) 14.13 (5.77) 25.02(6.38) 
        
CTQ  >=36 112 44.65(13.15) 8.01(4.30) 13.84(5.53) 22.79(6.68)** 
 <36 182 46.71(10.43) 7.96(3.27) 13.74(5.00) 25.02(6.09) 
Note: *p<0.05, ** p<0.01 *** p<0.001; Education = years of formal education including tertiary; CTQ = Childhood Trauma Questionnaire (Bernstein & Fink (1997).  
Age and education cut offs were created close to the mean for the sample. 
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DISCUSSION 
The aim of the study was to assess the reliability and validity of a scale designed to measure 
childhood participation and exposures that are likely to boost cognitive reserve (Anstey 2013; Jack, 
2013; Wilson, Barnes & Bennett, 2003; Wilson, Boyle, Yu et al., 2013).  This is in keeping with 
previous suggestions that alternative measures may be more appropriate in ethnic minorities where 
opportunities for education may be lacking (Manly & Mayeux, 2004). Our study suggests the RICE 
Scale is a valid and reliable method of measuring levels of cognitive enrichment in childhood for 
older Aboriginal Australians. To our knowledge, it is the first scale to incorporate sources of 
childhood cognitive stimulation that are specific to Indigenous Australians; a group in which 
dementia prevalence is 3-5 times higher than the general Australian population (Radford et al, 2014; 
Smith et al, 2008). Its cultural sensitivity and inclusion of a broad range of activities relevant to this 
group are two important advantages. 
 This validation study showed the RICE scale has a sound internal structure and good test-
retest, inter-rater and inter-method reliabilities. As such it covers three factors: 1) Traditional 
(engagement with traditional Aboriginal culture), 2) Intellectual (independent intellectual pursuits 
such as reading), and 3) Community (social and community participation). Additionally, it allows 
for the options of self-administration or interview: one allows convenience, while the other allows 
for sight impairment and lower literacy levels. Each factor appears to contribute uniquely to the 
scale’s overall validity showing sensitivity to rural/remote residence in childhood (Traditional), 
Education (Intellectual) and childhood trauma (Community).  This suggests the scale, with further 
predictive validation, may assist in identifying those people who are at greater risk of cognitive 
decline, at earlier ages.   
 The RICE scale is the first scale to measure childhood enrichment experienced by older 
Aboriginal Australians. Its three factors provided a rich picture of the childhood activities of 336 
our cohort of older Aboriginal Australians (60-92 years). The Community factor indicated a robust 
and physically active group of children who enjoyed organized sport and regularly attended 
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community events such as church and Sunday school. The Intellectual factor suggested most 
participants lived in homes where reading material was commonly available. By contrast, 
participant responses to the Tradition items indicated most had few opportunities to engage with 
traditional Aboriginal cultural activities as children.  
 It is an easily administered scale which may provide a richer understanding of the types of 
enrichment in childhood that are the most beneficial for reducing the risk of cognitive decline and 
dementia later in life. It was developed with assistance from a pilot cohort of older Aboriginal 
people and broader community members in urban and regional settings. Reports from participants 
indicated the scale was an enjoyable experience that provided an opportunity for older Aboriginal 
Australians to reminisce about the activities and experiences of childhood. It allows freedom for 
participants to interpret items about traditional cultural engagement as they feel appropriate, in 
order to foster sensitivity to those people who felt the loss of cultural knowledge as a result of 
discrimination and racism. As a result, some participants defined Traditional Stories as those shared 
by extended family, while others defined these as Aboriginal dreamtime stories. This flexible 
administration is a strength of the RICE scale since it allowed for the dynamic and shifting nature of 
culture among Aboriginal Australians. 
 We are aware that the study has limitations. The validation was conducted with participants 
from five large rural, regional and urban communities of NSW who identified as Aboriginal. As a 
result, it is uncertain whether these results will generalise to Aboriginal and Torres Strait Islanders 
communities in other parts of Australia, particularly to people in remote areas, or indeed to 
Indigenous populations in other countries. While our study showed the RICE scores to be sensitive 
to education and other childhood factors previously linked to dementia risk (i.e. childhood rural 
residence (Hall, Gao, Unverzagt & Hendrie, 2000) and childhood trauma (Ritchie et al., 2011), 
future studies are required to examine the validity of the RICE scale as a measure of cognitive 
reserve, and its ability to identify those at higher risk of dementia. 
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 In conclusion, the RICE Scale provides an alternative measurement of cognitive 
engagement in childhood as recalled by older Aboriginal Australians in addition to conventional 
measures of formal education (Manly & Mayeux, 2004; Sharp and Gatz, 2011). The RICE Scale 
has good psychometric properties, is easy to administer and may provide additional information on 
cognitive reserve in Aboriginal Australians and supplement existing knowledge about the 
importance of cognitive engagement in early life. 
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APPENDIX A 
The RICE Scale (Retrospective Indigenous Childhood Enrichment Scale 
 
 
 
Never Rarely Sometimes Often 
Very  
Often 
1. Were you told traditional stories when growing up? 
 
1 2 3 4 5 
2. How often did you take part in Aboriginal Ceremonies? 
 
1 2 3 4 5 
3. Aboriginal Dance? 
 
1 2 3 4 5 
4. Aboriginal Initiation Rituals? 
 
1 2 3 4 5 
5. Aboriginal Songs or Music? 
 
1 2 3 4 5 
6. Did you take part in Aboriginal Community Events? 
 
1 2 3 4 5 
7. Church or Sunday School? 
 
1 2 3 4 5 
8. Other Community Events? 
 
1 2 3 4 5 
 None Few Some Many A lot 
9. Were there artworks (like paintings, ceramics or crafts) in your home? 
 
1 2 3 4 5 
 
Never Rarely Sometimes Often 
Very  
Often 
10. Did you make artwork or crafts?  
 
1 2 3 4 5 
11. Did you sing in groups or by yourself? Formally or informally? 
 
1 2 3 4 5 
12. Did you do active things like swimming, fishing, biking, climbing or 
any other physical activity? 
 
1 2 3 4 5 
13. Did you play sports (e.g. football or vigoro?) 
 
1 2 3 4 5 
14. How often did you play board games, do word or number games. Or 
play card (e.g. bingo, puzzles, crosswords) 
1 2 3 4 5 
 None Few Some Many A lot 
15.  How many books were in your home? 
1 2 3 4 
 
5 
 
 
Never Rarely Sometimes Often 
Very  
Often 
16. Did you borrow books from a library 
 
1 2 3 4 5 
17. How often did you have newspaper, magazines or 
comics around your home? 
 
1 2 3 4 5 
18. Did you read outside of school? 
 
1 2 3 4 5 
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CHAPTER 4: Late-life cognitive function in Aboriginal Australians: Education and 
early-life predictors of cognitive impairment 
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ABSTRACT 
Background: The primary aim of this study was to assess the association between cognitive 
impairment and education in Australian Aboriginal people.  It also sought to investigate the 
links between cognitive impairment and other positive and negative factors in childhood, 
particularly those that may have had an impact on a child’s ability to function and learn.  
Methods: Participants were 336 Aboriginal Australian people (60-92 years), living in urban 
or regional areas of NSW who provided information about their childhood including: 
education, experience of school, enriching experiences (using scores on the Retrospective 
Indigenous Childhood Enrichment Scale), SES (Fathers occupation, childhood residence, 
number of siblings) and childhood stress (death of a parent, frequent moving house, abuse or 
neglect as measured by the Childhood Trauma Questionnaire).  The Mini-Mental State 
Examination (MMSE) was used to measure current cognitive functioning. Binary logistic 
regressions were used to investigate the associations between MMSE scores and childhood 
experiences.  Results: Fewer years of education, lower level of school grade attained and 
younger school leaving age were significant predictors of cognitive impairment and remained 
so after adjusting for age.  Lower levels of engagement with reading and other intellectual 
activities were also predictive of cognitive impairment in univariate analyses.  Multivariate 
analyses showed older age predicted lower cognitive test scores but moving house more than 
three times during childhood predicted better cognitive performance in older age.  
Conclusions: These results suggest low levels of education are contributing to the higher 
rates of dementia in urban and regional Aboriginal peoples. This study highlights the 
importance of education as a means of reducing the burden of dementia in generations to 
come, as well as its utility as a predictor of increased risk of cognitive decline for early 
intervention strategies.   
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Experiences across the life-span, beginning in utero, contribute to both brain resilience and 
vulnerability as well as associated cognitive and behavioral development (Anstey, 2014; 
Whalley, Finlay & McNeil, 2006). Zhang and his colleagues (1990) were among the first to 
find risk of dementia was higher in those without education (Zhang, Katzman, Salmon et al, 
1990).  Moreover, a longitudinal autopsy study found that participants with higher levels of 
education had lived free of dementia symptoms despite typical dementia pathology. Thus 
populations who lack access to education early in life, such as indigenous groups, may be at 
greater risk of developing neuropathology and associated cognitive decline/dementia. A 
recent systematic review confirmed the prevalence of dementia in indigenous groups 
worldwide is much higher than general global estimates (Warren, Shi, Young Borenstein and 
Martiniuk, 2015). Our subsequent systematic review revealed that education is an important 
risk factor for dementia among indigenous populations worldwide, especially in populations 
with little or no schooling and high illiteracy rates (Minogue et al., in preparation). In keeping 
with these findings; education, alongside age and male gender, were found to be the greatest 
risk factors for dementia in a group of remote dwelling Aboriginal Australians (Smith et al, 
2010).  It is unclear whether a similar risk profile applies to Aboriginal Australians living in 
urban and regional areas where access to education may have been more common.  
Additionally, it is relevant to current lower levels of educational achievement among 
Aboriginal Australian children compared to their non-indigenous peers (Australian 
Curriculum, Assessment and Reporting Authority, 2013).  It is important to address this 
question given findings that prevalence of dementia in Aboriginal Australians is similarly 
high across urban, rural (Radford et al, 2014) and remote setting (Smith et al 2008) and 
largest proportion of Australian Aboriginal people live in urban, rural area, rather than remote 
areas of Australia (Australian Bureau of Statistics, 2016).  
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While education is often chosen as a proxy measure of cognitive stimulation in 
childhood, a wide range of influences are likely to be beneficial or deleterious to brain 
development and growth in what seems to be a dose dependent manner (including intrauterine 
factors and socioeconomic position) (Scazufca, Menezes, Araya et al., 2008) Some of these 
factors are not open to modification – such as age and gender.  Others, such as low education, 
could be improved via appropriate policy change and, in turn, may assist with resilience or 
adaptation to dementia pathologies. Other potentially modifiable psychosocial risk factors 
have also emerged and are likely to be relevant for Aboriginal Australians who have suffered 
as a result of the dispossession and discrimination.  In particular, poorer physical and mental 
health outcomes among Aboriginal Australians are part of a picture that is likely to stem from 
childhood (Brunson, Kramar, Lin et al., 2005; Evans, Wolfe & Adler, 2012; Whalley et al., 
2006). Of particularly relevance to Aboriginal Australians are results from previous studies 
indicating that childhood trauma (Draper, Pfaff, Purkis, Snowdon et al, 2008; Pesonen & 
Räikkönen, 2013; Ritchie, Jaussant, Stewart et al., 2011) and lower socioeconomic status 
(Contador, Bermajo-Pareja, Puertas-Martin et al., 2015; Evans et al., 2012; Scazufca, et al., 
2008; Zhang, Gu & Hayward, 2008) are also associated with poorer psychological and 
cognitive outcomes in later life.   On the other hand, greater engagement in cognitively 
stimulating activities in school (Caamaño-Isorna et al, 2006) and out (Wilson, Mendes, 
Barnes et al., 2002) are likely to protect against cognitive impairment. 
The use of culturally appropriate dementia screening tools with minority ethnicities, 
particularly where education may be compromised, is an important issue for practitioners 
around the world. For this reason, Radford and colleagues (2015) undertook a comprehensive 
comparison of three dementia screening tools with Aboriginal Australians aged 60 and older 
living in urban and regional areas of NSW with the Mini-Mental State Examination (MMSE) 
(Folstein, Folstein & McHugh, 1975) performing relatively well. Through multivariate 
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analyses, Radford and colleagues concluded that scores on the MMSE can be used as an 
indicator of possible dementia without the need to adjust scores for age or education in this 
population. The MMSE is a commonly used measure of cognitive function around the world, 
supported by thorough investigations of its reliability and validity. (Malloy, Cummings, 
Coffey et al., 1997; Mitchell, 2009; Piccinin, Muniz-Terrera, Clouston et al., 2013). Given its 
ubiquitous use in Australian medical practice, and its sensitivity in this population, we have 
chosen the MMSE an indicator of cognitive function and possible cognitive decline or 
dementia (“cognitive impairment”).    
The overall aim of the current study was to establish the childhood factors that are 
associated with cognitive impairment in later life. Specifically we assessed the association 
with a number of factors, measured using several different indicators: (i) formal education 
(i.e. total years of education, highest school grade attained, and age left school) (ii) experience 
of school using  (i.e. suspension or expulsion, feelings of exclusion, caregiver attitudes to 
school, general health and time away from school due to illness), (iii) childhood engagement 
in cognitively enriching activities outside of school (i.e. traditional, intellectual and 
community), (iv) childhood socioeconomic status (i.e. father’s education and occupation, 
childhood residence, and number of siblings) and (v) stress in childhood (i.e. death of a 
parent, frequency of moving house, and neglect or abuse). We predicted negative 
psychosocial factors will increase the risk of cognitive impairment in later life in tandem with 
low education and might also have their own direct effect on cognitive function. 
METHOD 
Approvals were obtained from the Aboriginal Health and Medical Research Council 
(615/07) and the University of New South Wales Human Ethics Committee (HREC08003). 
All participants provided written informed consent (or verbal assent in the case of reduced 
capacity to consent, with proxy informed consent obtained).  
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Participants  
Participants were 336 Australian Aboriginal people aged 60 and older, living in urban 
or regional areas in New South Wales, Australia, who participated in the Koori Growing Old 
Well Study (Radford et al., 2014). Participants lived in one of five catchment areas defined by 
Local Government Areas: Randwick/Botany (La Perouse), Campbelltown, (Tharawal), 
Kempsey (Dunghutti), Coffs Harbour and Nambucca (Gumbaynggiir). Data from 9 
participants diagnosed with cognitive impairment due to another medical condition (i.e. 
intellectual disability and long-term schizophrenia) were excluded from the analyses. 
Study participation was open to all Aboriginal or Torres Strait Islander people aged 60 
years and older living in one of these five catchment areas for at least the past 6 months. 
Exclusion criteria were stroke within the past 3 months and current incarceration.  
Measures 
A comprehensive structured interview was conducted with participants about social, 
emotional and physical health and wellbeing across the lifecourse (Radford et al 2014). 
Information related to childhood (education, experiences of school, childhood enrichment, 
childhood socioeconomic position and stress) was used in the current study (Appendix A). 
Childhood was defined as as birth to 15 years inclusive. A cognitive screening test was 
administered to assess current cognitive function.  
Education. Amount, level and educational experiences/environment were assessed, as 
in our pilot studies we noticed qualitative responses indicating that people attended the same 
grade repeatedly as there was no opportunity to attend higher grades in the school they 
attended. The measures of formal education included (i) years of education defined as highest 
level of education attained (including tertiary training or trade qualification), (ii) highest year 
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of schooling: No schooling up to Year 6 (primary school), Years 7-9 (early secondary school) 
and Year 10-12 (late secondary school) and (iii) school leaving age.   
Experience of School.  Educational experiences/environment were assessed using  a 
range of questions relating to experiences that may have impacted on a child’s engagement 
with school including indicators of exclusion from school, exclusion from learning (“At 
school, did you ever feel excluded from lessons?”), caregiver attitudes (“What were your 
parents or primary caregiver’s attitudes (positive or negative) or expectations about your 
schooling?) to your and health factors. 
Suspension or Expulsion. Suspension from class/expulsion was assessed with two 
questions. One question asked participats to judge how often they were suspended from class 
using a 5 point Likert scale that ranged from Never (0) to More than weekly (4)(“Were you 
ever suspended from class?” ). Another question asked whether they were expelled form 
school or not. (“Were you ever expelled from school?”) Responses from both items were 
combined to form a single variable that captured any experiences of expulsion or suspension 
from school (Yes or No, with later indicating that they have never been either suspended or 
expelled).  
Feeling of exclusion from lessons. Participants’ feeling of exclusion from lessons were 
also recorded using a 5 point Likert scale (0=Never, 1=Rarely, 2= Monthly, 3=Weekly, 4 = 
more than weekly), which was collapsed to form a dichotomous vairable: Never/Rarely 
(ratings of 1 & 2) or Monthly or more (ratings of ≥ 2).  
Parental attitudes to education. Attitudes of parents or caregivers to participants’ 
schooling were assessed using an open-ended question: “What were your parents’ or primary 
caregiver’s attitudes (positive or negative) or expectations about your schooling?”. 
Responses were recorded verbatim. These qualitative data were coded as “Encouraging” or 
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“Not Encouraging” by two raters who were blind to the ratings of the other. Discrepancies 
were resolved by consensus.  
Childhood health. Two question were used to ascertain whether ill health may have 
affected education. On one item participants rated how many times they missed “…school for 
a month or more due to illnesses (flu, pneumonia, injury, other serious illnesses, etc.) on the 
following Likert scale: None=0, Once =1, A few times=2, Several times = 3, Many times=4. 
Subsequently the answers were dichotomised into: Did not Miss (ratings of 0) or Missed 
(ratings of 1-4) school due to ill health. A second item asked participants to rate how they 
perceived their childhood health in relation to their peers, again using a 5 point Likert scale (1 
= much worse, 2=somewhat worse, 3= about the same, 4= somewhat better, 5 = much better). 
Responses were dichotomized Worse (ratings of 1 & 2) and Better (ratings of 3-5).  
Childhood enrichment.  Cognitive enrichment in childhood was measured using the 
The Retrospective Indigenous Childhood Enrichment (“RICE”) (Appendix B). The RICE is a 
valid and reliable self-report scale developed to capture the types of activities and 
environments in childhood that may have enhanced cognitive reserve (Minogue et al., 2016 in 
preparation). Items use a 5-point Likert scale (Never = 1 to 5= Very Often or None=1 to 5= A 
lot). The scale is made up of three sub-scales: Traditional (traditional Aboriginal culture such 
as stories, ceremonies and rituals)(maximum score of 25), Intellectual (reading, information 
gathering, puzzles and availability of reading materials) (maximum score of 25) and 
Community, (social and group activities, community events, organised team sports and 
unstructured physical pursuits like running, swimming, climbing) (maximum score of 40). 
Higher scores indicate greater participation or exposure to activities and experiences. The 
RICE subscale scores , rather than RICE total scores, to provide more nuanced information 
about which types of childhood activities may be related to cognitive performance in later 
life. 
  
86 
Childhood socioeconomic status.  Childhood socioeconomic status was assessed 
using several indicators: Father’s education, father’s occupation, main place of childhood 
residence, and the number of siblings who lived in the house with the participant. 
i) Father’s education was recorded as the highest school grade attained. 
ii) Father's occupation was initially recorded using Australian Bureau of Statistics 
(1997) (“ABS”) Major Groups within the Standard Classification of 
Occupations: 1=Manager, 2=Professional, 3=Technicians and Trade Worker, 
4= Community and Services worker, 5 = Clerical and Administrative Worker, 
6=Sales Worker, 7=Machinery Operations and Driver, 8 = Labourer. 
Responses were collapsed and dichotomized into unskilled (classified as 8 = 
Labourer) and skilled (classified < 8).   
iii) To determine childhood residence, participants were asked the name of the city 
or nearest town where they grew up for most of their childhood (birth-15 years 
inclusive). Responses were recorded verbatim and coded as major cities, inner 
regional, outer regional, remote and very remote (according to the ABS 
criteria) and subsequently classified as urban (corresponding to major cities) or 
rural/remote (inner regional, outer regional, remote and very remote).  
iv) Participants told us the number of other children in the household they mostly 
grew up in (including brothers, sisters, and step or adopted siblings but not 
including unrelated children in an institution).  
Stress in childhood.  Stress during childhood was captured using four indicators: 
i) Death of a mother during childhood 
ii) Death of a father during childhood 
iii) Number of times of moving house during childhood.  
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iv) The Childhood Trauma Questionnaire (CTQ; Bernstein & Fink, 1997), a valid 
and reliable retrospective self report measure of childhood trauma and neglect 
which assesses experiences of neglect, psychological, physical or sexual abuse 
in childhood. Total CTQ scores were used for this study, with higher scores 
indicating greater exposure to abuse or neglect in childhood.  
Cognitive impairment.  Current cognitive function was assessed using the Mini-
Mental State Examination (MMSE; Folstein, Folstein & McHugh, 1975). The MMSE is a 30 
point questionnaire that examines orientation, registration, recall, language and ability to 
follow simple commands. Scores of <24 are widely accepted as a cut-off for dementia 
screening. For these analyses we used a more stringent cut off of <=26 in keeping with a 
previous study with this population (Radford et al. 2015). After assessing the use of this tool 
in this population, Radford et al., (2015) and to capture mild cognitive impairment or decline 
in addition to dementia. 
Procedure 
All participants provided information via a face-to-face interview with a trained 
research worker with qualifications in psychology, neuropsychology, social science. 
Interviews were conducted in a place most comfortable and convenient for the participant: 
their home, a local Aboriginal Medical Service or in an aged care facility where a participant 
was a resident.   
Statistical analysis 
A statistical software package (IBM – SPSS version 23) was used for the current 
analyses, with statistical significance set at α = .05. Data included participants who were 
cognitive intact or diagnosed with cognitive decline (dementia or mild cognitive impairment). 
Four participants diagnosed with cognitive impairment due to another disorder (e.g. long 
standing schizophrenia or intellectual disability) were excluded from analyses. MMSE scores 
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were pro-rated to account for visual impairment, illiteracy or other disability and 
dichotomized to compare participants scoring 26 or more (“High MMSE scores”) with those 
scoring less than 26 (“Low MMSE scores”). Predictor variables were assessed for co-linearity 
and normality of distributions.  Where assumptions regarding the normal distribution of 
continuous variables were compromised, outliers were adjusted to one unit above the next 
closest value and acceptable levels of normality were achieved for variable of Years of 
education and Number of siblings. Age and CTQ variables were positively skewed, hence 
logarithmic and inverse transformations were applied, respectively (Tabachnick & Fidell, 
2008). Finally, all continuous variables were transformed to z-scores for use in regression 
analyses. 
Logistic regression analyses were used to examine the association between childhood 
variables and MMSE outcomes. First, binary logistic regression analyses were conducted to 
examine childhood and demographic predictor variables in relation to MMSE classification, 
with and without adjustment for age. Second, multivariate logistic regression was used to 
assess the independent contribution of variables that had a significant univariate relationship 
to MMSE scores. To approximate the proportion of the variance in the data that the model 
accounted for we used Nagelkerke’s R squared (R2). We also report the -2 Log Likelihood (-
2LL) for the overall models. The order in which variables were entered into multivariate 
logistic regression was guided by our research aims. We were predominantly interested in 
childhood factors that are associated with cognitive impairment in later life, and in particular 
in education. Given that literature suggests that lack of formal education is associated with 
poorer cognitive scores in later life we entered formal education variables first. Next, 
variables that related to environmental stimulation or hazards that related to MMSE scores 
were entered. Finally, the age was entered into this analysis, as age has been an identified core 
  
89 
risk factor for poor cognitive functioning in older age. This allowed us to examine whether 
any of the above described childhood factors contribute to MMSE scores over and above age. 
  
RESULTS 
Participants 
Table 1. shows descriptive statistics for all variables. Participants were aged 60-92 
years (M=66.6, SD=6.3), with the majority aged between 60-69 years (n=245, 73%). There 
were slightly more women (n = 200; 59.5%) than men. Most participants identified as 
Aboriginal (n=328; 98%) and the remaining 8 participants (3%) as Torres Strait Islander or 
both Aboriginal and Torres Strait Islander. Years of education ranged from 0-19 years 
(M=9.25 (SD=2.85). One hundred and forty-five (61 %) participants had fewer than 10 years 
of education . Women were more likely than men to have 10 or more years of formal 
education (44% vs. 32%).  One-hundred and five (31%) participants reported not having 
completed high school but only 3 people (1%) reported never having attended school. Sixty-
eight participants (20.1%) reported having missed school for a month or more due to ill-health 
but only 13.4% considered their health to have been worse than their childhood peers. RICE 
scores suggested most participants had little opportunity to engage with traditional learning 
with mean scores on the RICE Traditional subscale (M=7.93, SD=3.64) relatively low out of a 
possible 25 points. Conversely, engagement in reading, puzzles and exposure to books was 
more common with moderate scores on the RICE Intellectual subscale (M=13.61, SD=6.24) 
out of a possible 25 points. Participation in community activities and events, playing sport 
and socializing was also common with moderately high scores on the RICE Community 
subscale (M=24.24, SD=6.46. Max  possible =40). One hundred and three participants (31%) 
spent most of their childhood living in a major city; 216 (65%) grew up in rural and regional 
areas; and 15 (4%) grew up in remote or very remote areas. Most participants (n= 314, 95%) 
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grew up with siblings (M=6.65, SD=3.75). Seventy-four (22%) had one (n=69) or both 
parents (n=5) die before they turned 16. Two hundred and ninety nine people completed the 
CTQ with scores ranging from 25-117. Two hundred and fifty- four (76%) participants had 
MMSE scores of 26 or higher and 78 (24%) participants had MMSE score below 26.  
Prediction of cognitive impairment 
Table 1. also includes results of univariate regression analyses; relations between each 
predictor variable and cognitive impairment (i.e. MMSE <26). This univariate regression 
identified several education variables as significant predictors of lower MMSE scores: fewer 
years of education, younger age of leaving school and lower school grade attained. 
Participants with primary school education or less had over 3 times greater risk of poor 
cognitive performance compared with those who had completed the final three years of high 
school. This risk remained significant when age was taken into account (OR=3.15, CI 95% 
1.35-7.31). Lower scores on the Intellectual sub-scale of the RICE predicted impaired 
cognitive performance.  Moving house frequently in childhood was shown to be protective, 
with moving house more than three times during the first 16 years of life predicting higher 
MMSE scores. 
Table 2 provides results from multivariate analyses. These analyses included all 
significant univariate predictors of MMSE scores entered in three steps. First, we entered the 
education variables (Years of Education, School Leaving Age and Highest Year of School).  
Second, other childhood environment predictors (RICE Intellectual, Moved Frequently) were 
entered into the model. In the third and final step, we added age into the model. Inspection of 
the findings, one step at time, showed significant improvements in the amount of variance 
explained.  The first step produced a significant model (-2LL =291.27, X
2
 = 14.90 (4), 
p=0.005) however, none of the included educational variables were statistically significant 
independent predictors.  This step accounted for 7.6% of the variance in the model. The 
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second step, which incorporated the RICE Intellectual subscale and Moved Frequently, was 
significantly improved with a -2LL reduced to 282.61 (χ2=8.66 (2), p =.013)  with the model 
now explaining 11.8 percent of the variance in cognitive outcome (R
2
=0.118).  Moved 
Frequently was the only significant independent predictor (OR=0.42, CI 95% 0.23-0.79).  The 
third and final step added Age, which was a significant improvement on the previous model (-
2LL=277.08, χ2=5.52 (1), p =.019).  This final model accounted for 14.4 percent of the 
variance (R
2
=0.0144). In the final model age was a significant predictor of lower MMSE 
scores (OR=1.44 CI 95% =1.06-1.96) and Moved Frequently remained a significant predictor 
of higher MMSE scores (OR=0.47 95% CI 0.25-0.89).  
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Table 1. Descriptive statistics and logistic regression analyses according to MMSE score cut-off  
Predictor  Descriptives MMSE≥26  MMSE <26 OR (95% CI) OR (95% CI) 
      
unadjusted for age adjusted for age 
 
Frequency or M(SD) n M (SD) or n(%) n M (SD) or n(%)     
Age (years; n=332) 66.68 (6.29) n=254 65.76(5.49) n=78 68.75(7.04) 
 
1.77(1.38-2.28)*** 
Sex (n= 332):  
Male =134/332 
n=254 
96(37.8%) 
n=78 
n=38(48.7%) 
0.64(0.38-1.07) 0.70 (0.42-0.1.20) Female =198/332 158 (62.2%) n=40(51.3%) 
Education 
       Education (n=331; years) 9.25 (2.85) 254/331 9.65(2.69) 77/331 7.96(2.97) 0.49(0.35-0.69)*** 0.52(0.37-0.73)*** 
School leaving age (n=323) 14.56(1.27) 252/323 14.67(1.14) 71/252 14.21(1.62) 0.66(0.50-0.88)** 0.70 (0.52-0.94)* 
Highest school grade (n=330) 
 
     
     Years 10-12 69/330 59/254 (23.2%) 10/76 13.2% Reference Group 
     Years 7-9 188/330 151/254 59.4% 37/76 48.7% 1.45(0.68-3.09) 1.54(0.71-3.35) 
     Years 0-6 73/330 44/254 17.3% 29/76 38.2% 3.89(1.72-8.81)* 3.15(1.35-7.31) 
Experience of School 
       Suspended or expelled 
(n=322)  
 
 
 
 
       Yes 30/322 n=252 n=22(8.7%) n=70 n=8(11.4%) 1.35(0.57-3.18 1.99 (0.81-4.88) 
     No 292/322  n=230(91.3%)  n=62(88.6%)   
Felt Excluded from Class 
(n=325) 
           Never/Rarely 233/325 n=254 182 (71.7) n=71 51 (71.8%) 1.00(0.56-1.81 0.82 (0.45-1.50) 
    Monthly or more 92/325  72 (28.3%)  20 (28.2%)   
Caregiver Attitudes to School 
(n=307) 
    
 
      Encouraging 164/307 n=244 n=132(54.1%) n=63 n=32 (50.8%) 1.14(0.66-1.99) 1.16(0.66-2.06) 
    Not Encouraging 43/307  n=112(45.9%)  n=31(49.2%)   
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Table 1. Descriptive statistics and logistic regression analyses according to MMSE score cut-off (continued) 
Predictor MMSE>=26 MMSE<26 OR 95% CI OR 95%  CI   
adjusted for age Experience of School  Frequency or M(SD) (M)SD) or n(%) M(SD) or n(%) unadjusted for age 
Missed 1 Month +  (n=319) 
     
 
     Didn't miss 257/319  n=248 n=197(79.4%) n=71 n=54(76.1%) 1.26(0.65-2.27) 1.30(0.69-2.48) 
    Missed 68/319  n=51(20.6)  n=17(23.9%)   
Childhood Health 
Comparison (n=323)  
          Better  n=250 n=217(86.8%) n=73 n=63(86.3%) 0.96(0.45-2.05) 0.82 (0.38-1.79) 
    Worse   n=33(13.2%)  n=10(13.7%)   
RICE subscales 
       RICE Traditional (n=326) 7.93 (3.64) (Max=25) n=250 7.91 (3.47) n=76 7.93(3.97) 0.98 (0.076-1.27) 1.02(0.78-1.33) 
RICE Intellectual (n=310) 13.61 (6.24) (Max=25) n=241 13.97(6.87) n=69 12.57(5.45) 0.74(0.56-9.8)* 0.72(0.54-0.97)* 
RICE Community (n=306) 24.24 (6.46) (Max=40) n=237 24.47(6.28) n=69 22.86(6.87) 0.81(0.62-1.07) 0.79(0.59-1.04) 
SES 
       Father's Education (n=199) 
        Primary school or below 149/199 n=151 n=112 (74.2%) n=48 37(77.1%) 1.17(0.54-1.23) 0.97(0.43-2.17) 
    Some secondary or above 50/199  n=39 (25.8%  11(22.9%)   
Father's Occupation (n=299)        
    Unskilled work 235/299 n=225 n=179 (79.6%) n=74 56(75.7%) 1.25(0.67-2.33) 1.20(0.63-2.30) 
    Skilled work 64/299  n=46 (20.4%)  18(24.3%)   
Childhood Residence (n=330) 
    Urban 102/330 n=253 n=82 (32.3%) n=77 n=20(25.6%) 1.00 (0.99-1.00) 1.00(0.99-1.00) 
    Regional or Remote 228/330 
 
n=171(67.3%) 
 
n=57(73.1%)   
Moved Frequently (n=332)        
    Moved <2 times 177/332 n=254 n=125 (49.2%) n=78 n=52(66.7%) 0.48 (0.29-0.82)** 0.56 (0.32-0.97)* 
    Moved =>3 times 155/332 
 
n=129 (50.8%) 
 
n=26(33.3%) 
  
Number of siblings (n=329 6.67(3.72) n=252 6.79(3.75) n=77 6.29(3.69) 0.84(0.65-1.09) 0.89(0689-1.16) 
RICE=Retrospective Indigenous Childhood Enrichment Scale (Minogue et al., submitted) Moved Frequently = moved house 3 or more times before 16 years 
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Table 1. Descriptive statistics and logistic regression analyses according to MMSE score cut-off (continued) 
Childhood Stress Frequency or M(SD) 
 
MMSE>=26 MMSE<26 OR 95% CI OR 95 % CI  
adjusted for age (M)SD) or n(%) M(SD) or n(%)  
Death of mother (n=330) 
   n=77 
 
0.95 (0.43-2.09) 0.84(0.37-1.91)     No 290/330 n=253 222(87.7%) 68(88.35%) 
    Yes 40/330  31(12.3%)  9 (11.7%)   
Death of father (n=330)  
n=253 
225(88.6) 
n=87 
70 (87.59%) 
1.15(0.53-2.49) 1.32(0.60-2.92)     No 291/330 224(88.5%) 67(87%) 
    Yes 39/330  29(11.5%)  10(13.0%)   
CTQ (n=295) 36.5(16.20) n=239 36.03(15.27) n=56 39.49(21.96 1.09(0.82-1.46) 1.20(0.90-1.62) 
        
CTQ = Childhood Trauma Questionnaire (Bernstein & Fink, 1997) 
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Table 2. Multivariate logistic regression for childhood predictors of MMSE scores 
 
     
Predictors B coefficient 
Standard 
error 
p 
Odds ratio (95% CI) 
Model 1: Education  
    Years of education  -0.40 0.21 0.06 0.67(0.44-1.023) 
School leaving age -0.23 0.17 0.18 0.797(0.57-1.11) 
Years 10-12 (reference) 
  
0.55 
 Years 7-9 -0.22 0.47 0.65 0.805(0.32-2.03) 
Years 0-6 0.17 0.63 0.79 1.183(0.35-4.05) 
Model 2: Education & psychosocial 
  Years of education  -0.34 0.22 0.12 0.71(0.46-1.09) 
School leaving age -0.25 0.17 0.15 0.78 (0.56-1.10) 
Years 10-12(reference) 
  
0.55 
 Years 7-9 -0.25 0.48 0.61 0.782(0.30-2.01) 
Years 0-6 0.14 0.65 0.83 1.15(0.32-4.07) 
RICE Intellectual -0.14 0.16 0.41 0.87(0.63-1.21) 
Moved Frequently -0.86 0.31 0.01 0.42 (0.23-0.79) 
Model 3: Education, psychosocial & age 
   Years of education  -0.30 0.22 0.17 0.74 (0.48-1.14) 
School leaving age -0.26 0.18 0.15 0.77(0.55-1.10) 
Years 10-12 (reference) 
  
0.83 
 Years 7-9 -0.20 0.49 0.68 0.82(0.32-2.12) 
Years 0-6 -0.02 0.65 0.98 0.98 (0.27-3.52) 
RICE Intellectual -0.16 0.17 0.34 0.85(0.62-1.18) 
Moved Frequently -0.75 0.32 0.02 0.47(0.25-0.89)* 
Age 0.37 0.16 0.02 1.443(1.06-1.96)* 
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DISCUSSION  
This is the first study, to our knowledge, to investigate a comprehensive selection of 
childhood factors and their relationships to current cognitive function in urban and 
regional dwelling older Aboriginal Australians. In this group, age and moving 
frequently during childhood were independent predictors of cognitive performance. 
Before adjustment for age, better cognitive performance was predicted by three 
measurements of education, childhood intellectual pursuits, and moving house 
frequently before 16 years of age. In keeping with previous findings, cognitive 
performance declined with advancing age.  Gender and psychosocial factors, 
including childhood stress, school experiences and socioeconomic position, were not 
significant predictors of cognitive outcome. In a multivariate model incorporating 
significant univariate predictors, however, only age and moving frequently during 
childhood remained significant as independent variables.  
 We hypothesise that education was ‘knocked out’ as a significant predicator in 
multivariate analyses due to strong associations with age. In this cohort, the oldest 
people had the lowest levels of education. We suggest subsequent research might 
investigate the association and achieve a different result when age and education are 
not so closely linked.   
Based on existing literature, our study focused on education and used three 
separate measurements: years of education, school leaving age and highest school 
grade attained. Univariate, but not multivariate analyses, found higher levels on of all 
three measures of education were predictive of stronger cognitive performance in this 
cohort, and remained so after taking age into account. Each year of education reduced 
the risk of poor cognitive test scores by around half.  Those with only primary school 
education had three times the risk of low cognitive scores compared to those who had 
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completed one of the final three years of high school (Years 10-12 in Australia). 
Older school leaving age was also protective, with each extra year spent at school 
reducing the risk of poor cognitive scores by 34%. .  This is an important finding 
since previous research showing lack of education to be a main risk factor for 
dementia as derived from a cohort in which 40 % of participants in that study had 
received no formal schooling (Smith et al., 2010). This contrasts starkly with 
participants in the current study who had around 9 years of schooling on average 
(M=9.65, SD = 2.69) and highlights that, despite access to education for many 
Aboriginal peoples, redressing the persistent gap in education levels and achievement 
should remain a priority. These results are also in keeping with the broader literature, 
spanning several decades; suggesting cognitive reserve is enhanced by greater 
cognitive stimulation in early life (Whalley et al, 2006).   
The life-course approach suggests that the benefits of positive cognitive 
stimulation are likely to come from a range of experiences including social and 
emotional learning and may be offset by deleterious experiences such as abuse or 
neglect (Anstey, 2014; Whalley et al., 2006). For this reason we assessed a range of 
childhood factors as possible predictors of cognitive function in older age. 
 We assessed the role of factors that we hypothesized may detract from a 
child’s ability to engage with school learning, or possibly reflect exclusion from 
learning due to discrimination: being expelled or suspended, feeling excluded from 
class, parents or caregivers attitude to schooling, childhood health, missing a month or 
more of school due to illness.  Our study found these were not significant predictors 
of cognitive performance in this cohort. Very few participants reported having been 
suspended or expelled (n=30) which may have diluted the results. Around a third of 
participants reported feeling excluded from lessons (n=94) and were evenly 
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distributed between high and low scoring groups (28.6% vs. 28.4%). This item was 
included as a way to capture experiences of racism at school that may have led to 
exclusion from learning.  The current results do not provide a clear picture and 
warrant further exploration possibly via qualitative analyses. Caregiver’s attitude to 
school was included in the hope of measuring the extent to which parent support and 
encouragement, or lack thereof, impacted on cognitive outcomes. This variable was 
not sensitive to scores on the MMSE.  The dichotomous coding of parental attitudes 
as “Encouraging” or “Not Encouraging” may explain a blunting of the qualitative data 
collected. Qualitative responses from participants indicating strict parental attitudes to 
attendance at school were common but the rationale for this disciplined approach was 
often unclear. Some responses were clearly positive and stressed the importance of 
education. But others mentioned fear of government bodies (“the Welfare”) removing 
children if they were found to be truanting from their families.  This strong fear may 
have overridden more clearly positive or negative attitudes to the value of education 
for its own sake, or as a way to increase chances of employment. Childhood health 
and missing school were not significant predictors of cognitive performance with 
most participants reporting similar or better health than their peers and 21% reporting 
having missed school for a month or more due to illness. It is possible that details of 
these para-education variables were less salient and therefore less easily remembered 
by participants some 50-70 years after the events. 
There is growing interest in the impact of non-school based forms of learning 
and the way these might enhance cognitive reserve (Wilson et al., 2013). In order to 
assess the relationship between cognitive performance and informal modes of 
learning in childhood (Wilson et al, 2013), we used the three RICE sub-scales: 
Traditional, Intellectual and Community (Minogue et al).  Univariate analyses (but 
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not multivariate analyses) showed higher scores on the RICE Intellectual subscale, 
indicating greater engagement with intellectual pursuits like reading and word games, 
as well as increased access to reading material in childhood, predicted higher MMSE 
scores even after adjusting for age. This result supports previous studies which 
suggest better literacy in early life is important in developing, and maintaining, good 
cognitive performance into older age (Snowdon et al, 1996). This is particularly 
important in light of statistics that 18.5 percent of Aboriginal children in Year 3 are 
not reaching basic benchmarks for reading (Australian Curriculum, Assessment and 
Reporting Authority, 2013).  
Lower socioeconomic status (SES) has been associated with higher levels of 
dementia and cognitive impairment in late life but this hypothesis was not supported 
by the current analyses and parental occupation and education are common proxy 
measures (Moceri et al., 2001; Ritchie et al, 2011; Scazufca et al, 2008). In this study, 
the two common proxy measures for SES were used: 1) father’s occupation and 2) 
fathers education were analysed but were not found to be predictive of MMSE scores. 
It is possible our results were affected by the homogeneity of SES among our cohort. 
Close to eighty per cent of participants reported their father worked as a labourer: 
classified as unskilled work by the Australian Bureau of Statistics (1997). These data 
are likely to have reflected limited work opportunities for Aboriginal men in the first 
half of the 20
th
 century rather than ability, inclination or aspiration.  Equally, 
education of these men is likely to have been limited by political and social norms of 
the time, rather than aptitude or effort. This result may also have been impacted by the 
considerable missing data (n=133) where participants simply did not know the details 
of their father’s schooling.  Childhood residence was assessed following findings that 
rural childhood residence increased the risk of cognitive deficit in older age (Contador 
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et al., 2015). However, this was not a significant predictor of cognitive function in our 
cohort.  
Death of a parent has been associated with cognitive decline in older age 
(Persson & Skoog, 1996; Ritchie et al., 2011 and Whalley et al, 2013.) but was not a 
significant predictor in this group.  One possible explanation may be that strong 
community bonds lessened the impact of parental death with children cared for by 
extended family such as aunts or older siblings. Finally, scores on the CTQ were not 
significant predictors of MMSE scores, suggesting that cognition was not 
significantly impacted by increased levels of neglect or abuse in childhood.  
Multivariate analyses revealed a unique finding that moving house three or 
more times during childhood predicted higher MMSE scores even after taking age 
into account. This was contrary to expectations based on moving as a stressful event 
that disrupts family routine, schooling, and social relationships. If moving house was 
destabilising, this result suggests a rebound resilience effect.  However, another 
explanation for the finding is that moving frequently as an Aboriginal child may have 
involved concomitant improvement in living circumstances, and, increased 
opportunity for education and work for participants’ parents. This is to our 
knowledge; a unique finding that may have particular resonance with Aboriginal 
Australians and further qualitative and quantitative investigation is required.  
We are aware that our study may be limited by its reliance on recollections of 
childhood some 50-70 years after events occurred. The use of the MMSE to measure 
late life cognitive outcome was based on previous work with this population, which 
found the MMSE to be a relatively sensitive measure of dementia or mild cognitive 
impairment with relatively low bias toward education (Radford et al., 2015). 
However, the cross-sectional measurement of cognitive performance as an outcome 
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variable may have impacted on the predictive reliability of the results. Longitudinal 
assessment to determine decline in cognitive function is required to confirm the 
present results. Future studies could also compare diagnoses of cognitively intact, 
MCI and dementia to further investigate the impact of educational bias related to the 
use of MMSE test results.  
In conclusion, this unique study confirmed our hypothesis that lower levels of 
education would predict cognitive impairment in Aboriginal Australians living in 
urban and regional areas. This finding is in keeping with a large body of evidence 
from indigenous and non-indigenous populations worldwide (Caamaño-Isorna, 2006; 
Minogue et al, in preparation; Sharp & Gatz, 2011; Warren et al., 2015). It reinforces 
current thinking on the importance of education for protection against cognitive 
decline and dementia, particularly in high-risk population like Aboriginal Australians.  
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Chapter 5: Overall summary and conclusions 
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We conducted a set of studies that examined cognitive impairment and 
dementia in Australian Aboriginal people. We focused on the possible cognitive 
protection afforded by higher levels of education and childhood enrichment. We also 
assessed negative early life experiences that may deplete brain resilience to pathology 
and increase the risk of dementia. 
Our first study assessed the issue from a global perspective through a 
systematic review of extant literature on the link between formal education and 
dementia in indigenous groups worldwide. This review revealed 16 peer-reviewed 
articles, which identified higher rates of dementia in indigenous groups and confirmed 
lack of formal education as a significant risk factor for dementia and cognitive 
impairment.  Concerningly, the review also highlighted the lower levels of education 
among indigenous peoples generally, and 20% of participants reported as having less 
than 1 year of education.   
Next, we focused on informal education: sources of cognitive engagement in 
childhood, derived from a range of activities and influences. Chapter 3 described the 
development and initial validation of the Retrospective Indigenous Childhood 
Enrichment Scale (RICE) with a group of Australian Aboriginal people living in 
urban and regional areas. Factor analysis revealed three factors: Traditional 
Intellectual and Community and reduced the scale to 18 items. The scale was found to 
have good reliability and validity, flexible administration options and good 
acceptability to older Aboriginal people.  
Finally, we examined a comprehensive range of factors experienced by older 
Aboriginal people in childhood: levels of education, sources of cognitive enrichment 
as well as childhood SES and stress. Through regression analyses, we confirmed that 
higher levels of education and engagement with reading and intellectual pursuits 
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outside of school as protective against cognitive decline.  Multiple regression showed 
moving house more than three times during childhood was an independent protective 
factor, and age was confirmed as the main risk factor for cognitive impairment.  
Together, this set of studies, to our knowledge, contributes a number of novel 
findings. Importantly, we confirmed that lower levels of education increase the risk of 
cognitive impairment for Aboriginal Australians living in urban and regional areas. 
Despite greater levels of education than indigenous people in remote areas, lower 
levels of education were still predictive of decline in this group. This is particularly 
important for future generations of Indigenous Australians, most of whom live in 
cities and towns in New South Wales and Queensland.  Our findings support current 
efforts to improve learning outcomes and school retention rates for Aboriginal 
children; twenty percent of whom are currently failing to meet minimum national 
benchmarks for literacy in the fourth year of primary school.  Secondly, we are able to 
offer a unique measure of childhood enrichment via the RICE scale; a valid and 
reliable scale that is easily administered and is acceptable, even enjoyable, for older 
Aboriginal people to complete. Thirdly, we uncovered the surprising finding was that 
moving house more than three times during childhood was protective against 
cognitive impairment. We surmise these moves may reflect incremental 
improvements in livings standards in childhood, which created a safer and more 
stimulating environment. Further exploration of this finding is required.  
These findings have implications for future research and clinical practice: 
research may be enhanced by measures in addition to years of education as proxy 
evaluations of cognitive reserve; and clinical practice may be enhanced by including a 
range of these measures in order to identify those most at risk of dementia and 
cognitive impairment.   
  
109 
In conclusion, as Aboriginal Australian life expectancy extends due to 
successful interventions for respiratory and cardiovascular disease, the burden of 
dementia on individuals, families and communities will grow.  Consequently, there is 
urgent need for preventative measures to ensure future generations are more 
cognitively robust and less vulnerable to serious decline in memory, and the tragic 
loss of capacity to manage basic daily activities. Greater levels of formal and informal 
education from early life are likely to form a part of the solution to this pressing 
problem. 
.  
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KGOWS INTERVIEW ITEMS RELEVANT TO THE CURRENT STUDIES 
 
The following are items relevant to the current studies as they appeared in the larger 
interview for the Koori Growing Old Well Study.  
 
IRRELEVANT ITEMS OMITTED HERE 
 
2. PARTICIPANT’S GENERAL INFORMATION  
 
2.1 Is the participant male or female? 
1 □ Male  
2 □ Female    9 □ Missing 
 
2.2 What is your date of birth (DD/MM/YYYY)? 
□□/□□/□□□□ 
 
2.3 How old are you? 
Years: □□□ 777 □ Don’t Know 
888 □ Refused 
999 □ Missing 
 
IRRELEVANT ITEMS OMITTED HERE 
 
2.7 How many times did you move home/house while growing up (birth - 15 yrs old 
inclusive)? 
0 □ None 3    □ Five to ten times   7 □ Don’t Know 
1 □ One or two times 4  □ Over ten times   8  □ Refused 
2 □ Three or four times 9  □ Missing 
 
2.8 What was the name of the City or Nearest Town where you grew up for most of 
your childhood (birth - 15 yrs old inclusive)? 
___________________________________________  
7 □ Don’t Know 
8 □ Refused 
  
117 
9 □ Missing 
 
IRRELEVANT ITEMS OMITTED HERE 
 
4. FAMILY STRUCTURE WHEN GROWING UP  
 
IRRELEVANT ITEMS OMITTED HERE 
 
4.2 Did either of your parents pass away when you were growing up (birth-15 yrs old, 
inclusive)? 
0 □ No (Go to #4.3)    7 □ Don’t Know 
1 □ Yes, my mother    8 □ Refused 
2 □ Yes, my father     9 □ Missing 
3 □ Yes, both my mother and father 
 
IRRELEVANT ITEMS OMITTED HERE 
 
4.3 How many brothers and sisters did you have in the household(s) you mostly grew 
up in? (This includes step brothers/sisters, adopted children and any other children 
who lived with you and your family for one year or longer, but do not include 
unrelated children at an institution.) 
Number of other children: □□  77 □ Don’t Know 
88 □ Refused 
99 □ Missing 
 
IRRELEVANT ITEMS OMITTED HERE 
 
6. PARENTAL EDUCATION, EMPLOYMENT AND HEALTH 
 
IRRELEVANT ITEMS OMITTED HERE 
 
6.6. What was your father’s main occupation? 
 
LIST FULL TITLE AND DESCRIPTION OF JOB 
 
6.7. Which of the following best describes his job?  
(Interviewer to complete this based on above response. If unsure, please choose the 
closest category or refer to ABS data dictionary) 
01 □ Manager     77 □ Don’t Know 
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02 □ Professional     88 □ Refused 
03 □ Technicians and Trade Worker  99 □ Missing 
04 □ Community and Personal Service Worker 
05 □ Clerical and Administrative Worker 
06 □ Sales Worker 
07 □ Machinery Operators and Driver 
08 □ Labourer 
 
6.8. What was the highest level of education your father reached? 
00 □ No schooling     77 □ Don’t Know 
01 □ Primary school    88 □ Refused 
02 □ Incomplete secondary school   99 □ Missing 
03 □ Secondary school (completed Year 10 or higher 
04 □ Nursing qualification 
05 □ Teaching qualification 
06 □ Trade Certificate / Apprenticeship 
07 □ Technician’s Certificate / Advanced Certificate 
08 □ Certificate other than above 
09 □ Diploma Level / Associate Diploma / Advanced Diploma 
10 □ Bachelor Degree 
11 □ Graduate Diploma / Graduate Certificate 
12 □ Masters or PhD Degree 
13 □ Other, specify: 
 
IRRELEVANT ITEMS OMITTED HERE 
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7. FORMAL EDUCATIONAL EXPERIENCE 
 
7.1. What is the highest year of primary or secondary school that you have 
completed? (Includes school of the air, distance education & boarding school) 
01 □ Year 12 or equivalent 06 □ Year 7 or equivalent 77 □ Don’t Know 
02 □ Year 11 or equivalent 07 □ Year 6 or equivalent 88 □ Refused 
03 □ Year 10 or equivalent 08 □ Year 5 or equivalent 99 □ Missing 
04 □ Year 9 or equivalent 09 □ Year 4 or below 
05 □ Year 8 or equivalent 10 □ Never attended school (Go to #7.11) 
 
7.2. At what age did you finish your schooling? 
Years: □□  77 □ Don’t Know 
88 □ Refused 
99 □ Missing 
 
IRRELEVANT ITEM OMITTED HERE 
 
7.4. Were you ever suspended from class? 
0 □ Never     7 □ Don’t Know 
1 □ Rarely (once or twice)   8 □ Refused 
2 □ Monthly    9 □ Missing 
3 □ Weekly 
4 □ More than weekly 
 
7.5. At school, did you ever feel excluded from lessons? 
0 □ Never     7 □ Don’t Know 
1 □ Rarely (once or twice)   8 □ Refused 
2 □ Monthly    9 □ Missing 
3 □ Weekly 
4 □ More than weekly 
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IRRELEVANT ITEMS OMITTED HERE 
 
7.9. Were you ever expelled from school? 
1 □ Yes    7 □ Don’t Know 
0 □ No    8 □ Refused 
9 □ Missing 
 
7.12. What was the level of the highest qualification that you completed? 
(Include work-based training programs [code 8]; do not include adult education for 
leisure/hobbies) 
 
00 □ No schooling     77 □ Don’t Know 
01 □ Primary school    88 □ Refused 
02 □ Incomplete secondary school   99 □ Missing 
03 □ Secondary school (completed Year 10 or higher) 
04 □ Nursing qualification 
05 □ Teaching qualification 
06 □ Trade Certificate / Apprenticeship 
07 □ Technician’s Certificate / Advanced Certificate 
08 □ Certificate other than above 
09 □ Diploma Level / Associate Diploma / Advanced Diploma 
10 □ Bachelor Degree 
11 □ Graduate Diploma / Graduate Certificate 
12 □ Masters or PhD Degree 
13 □ Other, specify:  
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8. INFORMAL LEARNING EXPERIENCES 
 
8.1. Were you told traditional stories when growing up? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes     9 □ Missing 
 
8.2. When growing up, how often did you take part in the following activities? 
 
8.2.1. Aboriginal Ceremonies? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.2.3. Aboriginal Initiation Rituals? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.2.4. Aboriginal Songs or Music? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.2.5. Other Aboriginal Community Events? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
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8.2.6. Church or Sunday School? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes     9 □ Missing 
 
8.2.7. Other Community Events? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.3. Was there artwork (such as paintings, ceramics or crafts) in your home? 
1 □ None     4 □ Many (very noticeable)  7 □ Don’t Know 
2 □ Few (couple of items)  5 □ A lot (a full house)   8 □ Refused 
3 □ Some (noticeable)       9 □ Missing 
 
8.4. Did you make artwork or crafts when growing up? 
1 □ Never     4 □ Often     7 □ Don’t Know 
2 □ Rarely    5 □ Very often    8 □ Refused 
3 □ Sometimes        9 □ Missing 
 
8.5. Did you sing in groups or by yourself, formally or informally? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes   9 □ Missing 
 
8.6. Was music played in your home or on the radio? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes     9 □ Missing 
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8.7. How often did you play an instrument? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.8. How often did you play “make believe” or pretend/role playing games? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.9. Did you take part in activities such as swimming, fishing, running, biking, 
climbing, or any other physical activity? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.10. Did you play any organized or supervised sports such as football or vigoro? 
(Include any skill-based activities taking place in or outside of school.) 
1 □ Never     4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.11. When growing up, how often did you play board games, do word or number 
games, or plays cards (e.g., bingo, puzzles, crosswords)? 
1 □ Never    4 □ Often   7 □ Don’t Know 
2 □ Rarely    5 □ Very often  8 □ Refused 
3 □ Sometimes      9 □ Missing 
 
8.12. How many books were in your home? 
1 □ None    4 □ Many (a bookcase)  7 □ Don’t Know 
2 □ Few (a bookshelf)  5 □ A lot (bookcases)  8 □ Refused 
3 □ Some (a couple of bookshelves)    9 □ Missing 
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8.13. Did you borrow books from a library? 
1 □ Never    4 □ Often    7 □ Don’t Know 
2 □ Rarely    5 □ Very often   8 □ Refused 
3 □ Sometimes       9 □ Missing 
 
8.14. Did your home regularly have newspapers, magazines or comic books around? 
1 □ Never    4 □ Often    7 □ Don’t Know 
2 □ Rarely    5 □ Very often   8 □ Refused 
3 □ Sometimes       9 □ Missing 
 
8.15. Did you read outside of school? 
1 □ Never    4 □ Often    7 □ Don’t Know 
2 □ Rarely    5 □ Very often   8 □ Refused 
3 □ Sometimes       9 □ Missing 
 
8.16. What were your parents’ or primary caregiver’s attitudes (positive or negative) 
or expectations about your schooling?____________________________________ 
  
 
_____________________________________________________________________ 
 
 
9. CHILDHOOD HEALTH 
 
IRRELEVANT ITEMS OMITTED HERE 
 
9.5. Compared to other children in your community how would you rate your health 
as a child? 
1 □ Much Better   4 □ Somewhat Poorer   7 □ Don’t Know 
2 □ Somewhat Better  5 □ Much Poorer    8 □ Refused 
3 □ About the Same       9 □ Missing 
 
IRRELEVANT ITEM OMITTED HERE 
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9.7. How many times did you miss school for a month or more due to illnesses (flu, 
pneumonia, injury, other serious illnesses, etc.)? 
0 □       7 □ Don’t Know 
1 □ Once     8 □ Refused 
2 □ A few times (2-3)   9 □ Missing 
3 □ Several Times (4-6) 
4 □ Many Times (7 or more) 
 
 
 
 
